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ACCOUNT OF A DESERTED GORGE OF THE MISSISSIPPI 

NEAR MINNEHAHA FALLS. 

By I'LY S. Grant, Minneapolis. 

The present topography of any region, aside from a moun- 
tainous one — and even then to a great extent — is due almost 
entirely to the erosive power of water. The results which are 
most generally ascribed to this cause, probably because they 
form very striking features of our landscapes and can still be 
Been in the process of formation, are the channels cut by great 
rivers, especially the rock-bound passages usually termed 
caflons in the western states. One of these smaller channels, 
perhaps more appropriately called a gorge, will be briefly 
described ; and a few of the accompanying minor results of 
erosion will be mentioned in regard to their assistance in the 
base leveling of a given area, — a subject which has been dis- 
cussed recently in reference to the drainage of Pennsylvania.* 
It is not to be supposed that the comparatively insignificant 
effects here described are of great importance in the general 
planing off of large areas, but they undoubtedly are of consid- 
erable importance in the leveling of limited drainage basin s^ 
particularly in regions having a geological structure similar to 
that of the one under consideration. 

From the falls of St. Anthony to Ft. Snelling, a distance of 

*W. M. Davis: Nat. Geog. Mag., v. i, p. 183; Amer. Nat. v. xxiii, 
p. 566. 
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over caght •jnilt?^, the Mississippi flows in a deep gorge of 
8om«whjtt.Jv^s than a fourth of a mile in width. The falls 
haye receded from Ft. SncUing to their present position since 
, th*e*?jBtVeat of the ice-sheet from within the limits of Minncso- 
'.;tff.* Two miles above Ft. Snelling, Minnehaha creek enters 
•. 'the Mississippi through a small gorge from the west. The 
rocks of this region are covered by drift averaging, where the 
river has cut through it, perhaps not more than thirty feet in 
thickness. Immediately below the drift occur the practically 
horizontal beds of Trenton limestone, having a thickness of 
twenty-seven feet, as is shown at the brink of Minnehaha falls. 
The upper and lower beds are of comparatively soft shales, but 
the greater part is of hard, compact limestone. The Trenton 
lies conformably on the St. Peter sandstone, which is quite 
friable, generally possessing very little or no cementing mate- 
rial. The limestone forms the brink of every wat^r-fall within 
this area, and in no place have the streams as yet cut entirely 
througli the sandstone. 

From its falls to the Mississippi, Minnehaha creek flows in 
a narrow gorge cut through the Trenton and some thirty feet 
into the St. Peter. The upper part of this channel (the gorge 
proper of Minnehaha) is less than two hundred feet wide and 
extends eastward for about six hundred and fifty feet; at this 
point the channel enters an older gorge and widens abruptly 
to twice its original width and thence continues in a south- 
easterly direction undiminished to the Mississippi, — a distance 
of two-thirds of a mile. From the point where the channel so 
suddenly expands, the older gorp;c not only runs, as before 
stated, southeastward to the rivi-r, but also extends north- 
ward for some three hundred yards and ends abruptly.* Beyond 
the northern termination of this part of the gorge, which is now 
deserted, a low, level ])lain, much wider than the deeper 
channel ])elow, passes northward and its upper end is seen to 
join the great gorge of the Mississippi at the top of the lime- 
stone ledge. Each side of this level area is sharply defined by 
a terrace sloping back to the higher land on each side. 
These terraces evidently represent the l)anks of a former 

* Vide Gcol. and Nat. Hist. Survey uf Minn., v. ii, pp. ol3-."»41. 

''Prof. N. ir. Winoholl and Prof. O. F. AVrijjlit wore the first to 
notice the northward extension of this gorge ; the former called the 
wri:er'B attention to it. 
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stream, and can be traced northward, the whole length of the 
depressed plain, until they are cut by the Mississippi gorge. 
The eastern one is also seen running southward to the river 
and keeping nearly parallel with, but a few rods east of, the 
larger gorge in which Minnehaha now flows. Part of the 
water of the Mississippi manifestly once flowed along this 
level area and, plunging down over its abrupt southern end, 
which marks the locality of an ancient water-fall, followed the 
present course of Minnehaha to the river. (The channels re- 
ferred to are shown in the accompanying map and sections.) 

Prior to the recession of the falls of St. Anthony from Ft. 
Snellingto the present mouth of Minnehaha creek, the Missis- 
sippi was flowing in a broad shallow channel, in which there 
were very probably many islands. The remains of one of 
these islands are seen just above the junction of the two streams. 
When the falls had reached the lower end of this island, they 
were divided, — one part going to the east of the island and the 
other to the west. Tlic stream on the eastern side was much 
the larger and the growth of it.s gorge more rapid, reach- 
ing the upper end of the island before the stream on the west- 
ern side had eaten back to the same point. Thus the water of 
the latter stream was intercepted and carried down by the 
other, leaving the present deserted channel. No ease similar 
to this has been personally noticed in the Mississippi gorge, 
although further search might reveal several additional in- 
stances. At the present time, however, St. Anthony falls are 
divided by an island in such a manner that one channel has 
approximately only one-third the volume of water of the other. 
If the wearing back of the falls here had not been artificially 
stopped, in all probability another deserted gorge, exactly sim- 
ilar to the one described, would have finally resulted, the 
deserted rock brink being on the east side of Hennepin island. 

While the upper Mississippi still continued to receive large 
amounts of water from the melting of the retreating ice-sheet, 
towards the end of the second glacial period, its volume was 
much larger than now, and it was flowing in a broad channel 
many times the width of the present one.^ After the ice had 
retreated so that the water flowing from it was drained to the 
sea in another direction, the Mississippi decreased to about its 

B *Geol. and Nat. Hist. Survey of Minn., v. ii, p. 3.>7. 
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present size and then, but not before, cut its channel down 
through the drift to the Trenton limestone. As the hard lime- 
stone layers offered considerable resistance to erosion and as 
the drift banks offered much less, the river would be com- 
pelled to widen its channel rather than to deepen it ; thus a 
broad, shallow stream would result. That the river had worn 
down to the limestone and was flowing along its surface long 
before cutting its gorge is noticed in several places. It is 
especially well shown in the wide shallow channel above the 
ancient falls, where the limestone layers are everywhere at the 
surface, being covered by only a few inches of soil which has 
accumulated since the water was drained from this channel. 
(Compare section CD.) 

Another subject of noteworthy interest in this connection is 
the fact that the river did not cut its gorge of the same width 
as the channel in which it was flowing just before wearing 
through the limestone. In many places are found the rem- 
nants of old river terraces several rods beyond the limits of 
the gorge. This is shown on a small scale in the deserted 
channel described, where the distance between the terraces is 
much greater than that between the walls of the gorge, and 
there are no intermediate banks showing a diminution of the 
water or a narrowing of the channel after these terraces were 
formed and before the gorge was cut. And again, the Missis- 
sippi above the falls of St. Anthony has a much greater width 
than has the gorge below the falls. This could be explained 
by the stream's wearing away the limestone more rapidly at 
one side of the brink of the falls than at the other on account 
of its greater depth or on account of the softness of the rock ; 
if once begun this would be continued by additional water which 
would be drawn to this point, and so one side of the falls would 
recede more rapidly than the other ; and as a consequence, 
more and more water would be directed to this part of the 
channel until a portion of the brink had no water flowing over 
it, and would remain stationary. Thus it is probable that the 
river at first cut its gorge of width only sufficient to carry its 
volume of water ; the size of the gorge has since been slightly 
increased by other causes mentioned below. 

The effect of islands in rivers on the hastening of the final 
result of eromon, — the leveling of the drainage basin, — is of 
considerable importance. In the case under consideration 
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the river, after dividing,cut back its gorge much more slowly than 
when all its water was flowing in one channel ; hence one 
eflfect is to decrease the rate of recession of falls. But on 
the other hand, the actual width of the two gorges taken 
together is greater than that of the gorge formed by the stream 
when undivided ; so the width of the gorge is not directly 
proportional to the volume of the stream cutting it. That the 
gorge on the east side of the old island is of the same width 
as it is both above and below this point, is not due to the fact 
that it was originally cut of this size, but that it was enlarged 
after the water was again collected into the main channel. As 
the gorge proper of Minnehaha creek and that of the Missis- 
sippi remain practically constant in width throughout their 
courses, and for other reasons, it may be concluded that the 
respective volumes of these streams have also remained con- 
Ot^nt during the formation of their gorges. A comparison of 
these two gorges shows, as before stated : (1) That a smaller 
stream eats its way back much more slowly than a larger one ; the 
Mississippi has cut its gorge from the old island to the present 
Bite of St. Anthony falls, — a distance of six miles, — in the same 
time which Minnehaha creek has required to cut a gorge of 
lees than seven hundred feet in length. Prof. N. H. Winchell 
has calculated the average rate of recession of the falls of St. 
Anthony to be about five and a half feet per year ;* from this 
determination Minnehaha falls would recede about one-tenth 
of a foot per year, or ten feet in a century. (2) That the 
width of a gorge is not directly proportional to the volume of 
the stream cutting it ; the ratio between the width of Minne- 
haha gorge and that of the Mississippi is as one to five, but 
the volumes of the two streams are more as one to thirty. 

In this connection it is to be noticed that it is almost im- 
possible, unless a very long period of time is allowed, for the 
smaller streams to cut through the hardlime rock ; but when 
once an opening has been made by the river, these streams 
rapidly increase the size of the opening by erosion of its 
edges and especially by the wearing away of the softer sand- 
stone below, thus undermining and causing large blocks of the 
limestone to become detached. The width of a gorge is often 
materially increased by these smaller streams and by the rills 
from every shower ; from this cause the gorge in close prox- 

*Geol. and Nat. Hist. Survey of Minn., v. ii, p. 337. 
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imity to a fall is much narrower than it is a short distance 
below that point. This clement in the widening of a gorge is 
of some importance, but as it proceeds, unless the river 
changes its course and wears into the bank, the tendency is 
to round off the sharp outlines and to make the slopes more 
gentle, thus decreasing the rapidity of further erosion in the 
rock. This is very nicely shown in the deserted gorge, where 
the subduing process has gone on uninterruptedly and the 
banks are, although comparatively steep, not in the least per- 
pendicular, as they formerly were ; the rock outcrops are con- 
cealed and almost completely protected from further erosion 
by debris washed down from above. The same thing is shown 
at many points in the Mississippi gorge where the river does 
not flow near the side of the gorge. The streams of this 
region are by no means overloaded with suspended sediment ; 
so in addition to what material they transport from the drift, 
they are prepared to take up and carry away large amounts of 
detritus from below the limestone. 

The effect of islands in a river would then ])e to decrease the 
speed with which the river cuts back its channel, but to in- 
crease the total width of the channels cut. There would thus 
a})parently be a larger amount of material removed in a given 
time ; but even if the amount was not increased by this cause, 
it would be by the additional sediment transported by the 
smaller streams. Hence the final effect is to accelerate the 
rapidity of the leveling of the drainage basin. 

The de])th of the gorge has not been taken into considera- 
tion, as tlie river very rapidly c-uts down into the sandstone 
after it has once made an opening through the lime rock. 



GENERIC RELATIONS OF PLATYCERAS AND CAPULUS. 

By Charles R. Keyes. 

In 1840 Conrad * established the generic term Platyceras for 
a certain group of paleozoic gasteropods having P. ventricosum 
Con. for its typical representatire. By most American and 
some European writers since that time, this name has been 
frequently used in the description of forms more or less closely 
resembling the type of Conrad's genus. Other terms, Acroculia, 
Orthonychia, Igoceras, etc., have been proposed from time to 

»Ann. Kept. N. Y. Geol. Sur., p. 205. 
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time for forms now generally considered congeneric with Pla- 
tyceras. But of late years many European authors have been 
inclined to regard the shells of the group in question as refer- 
able to the modern genus Capulus founded in 1810 by Mont- 
fort ; though Q^hleit^ has recently revived Phillips' Acroculia,* 
proposed in 1<S41. 

As regards the real generic characters of the different species, 
their specific limitations, range of varinbility and the geologic 
and geographic distribution of the various forms, greater con- 
fusion perhaps nowhere exists among fossil mollusks than in 
the group under consideration. This want of agreement 
among writers concerning the main features presented by the 
individuals of the various species is directly traceable to a 
number of causes. These, however, need not be reviewed here. 
Nor is it the intention in the present note to attempt a removal 
of the difficulties ; but merely to call attention to several per- 
tinent facts regarding the structural features of the fossil shells 
hitherto commonly referred to Platyceras of Conrad. 

The most salient characters of recent Capulus, as shown by 
the more typical shells, are the more or less obliquely conical 
form, the small, often closely incurved spire, the broad, cam- 
panulate, apertural portions and the characteristic muscular 
impressions on the interior of the shell. The close relations of 
such paleozoic shells as Flati/ccras paralhim W. & W. and 
P, equilateriim Hall and the modern forms of Capulus, as C. 
Kungaricus Linn., can hardly be denied after even a casual 
comparison. The affinites are not less striking in many of 
the other forms. Nor are examples wanting from the Mesozoic. 

The three hundred species which have been ascribed to 
Platyceras present such a great variety of forms that it is diffi- 
cult to foresee just how they can be most satisfactorily 
arranged when they have been carefully considered anew and 
in relation to one another. The placing of Platyceras, 
Orthonychia and other sections as subgenera under Capulus, 
as has been done by Zittel,* and others, manifestly does not 
meet the requirements, at least so far as the American species 
are concerned. Whether or not the forms can all be included 
under Capulus remains for future comparison to decide. It 

^Bul. de la Soc. G4ol. de France, (3), t. xi. p. 002. 

'False. Fobs. Cornwall, p. 93. 

*Handb. der. Paheontologie, ii Band. p. 216. 
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seems very probable, however, that a number of the so-called 
Platycerata will be shown* by further study to belong more 
properly to genera closely allied to Capulus rather than to the 
genus itself. This would carry back the antiquity of certain 
modern groups somewhat beyond what has hitherto been con- 
sidered. A recent critical examination of certain shells 
described as Platycerata also shows that some of these forms 
are members of families entirely different from that supposed. 

Even if the group to which Conrad gave the name Platyceras 
was a valid one, it is very questionable whether the term could 
stand, inasmuch as it had been practically pre-occupied for 
nearly three-quarters of a century. It has long been known 
that GeofFroy ^ in 1764 proposed, among Coleoptera, the generic 
name Platyceras, a term which was later employed by 
Latreille,* and which continues to the present day in good 
usage as originally founded. In so far as the species hereafter 
mentioned are concerned, it matters little whether or not the 
type of the genus Platyceras — P, veiitricosum Con. — be a true 
Capulus ; but certain it is that some of the forms described 
under the former title are generically identic with the latter 
group. 

It is well known that the species that have been included 
under Platyceras present a large variety of forms. And lately 
it has been further shown that in this group variation is very 
great even among individuals of the same species. The man- 
ifold phases thus disclosed have resulted from the sedentary 
habits of the moUusks ; and in a number of species the for- 
eign objects of attachment have proved to be the calyces of 
crinoids. The evidence, however, bearing upon this question 
has been given with considerable detail elsewhere ^ and is only 
incidentally referred to here. Several hundred examples of 
this kind embracing ten or a dozen different species of Platyce- 
ras and more than twenty species of crinoids show rather 
conclusively that the sedentary propensities of many of these 
fossil forms were not unlike those of the living representatives. 
The occurrence of gasteropods on crinoids as thus brought 
out has given rise to a belief, quite prevalent, that these mol- 
lusks were parasitic in their habits ; but lately this has been 

* Hist, abr^g^e des Insectes, 1764. 

* Precis des Caractferes, des Insoctes, 1796. 

*Keye8; Proc. Am. Philosophical Soc, vol. xxv, 1888. 
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amply shown not to be the case. There are no grounds what- 
ever for the assumption that the paleozoic Capuli led parasitic 
lives. 

In this connection it may be stated that there is often 
considerable embarrassment in attempting to separate certain 
ancient Capuli on the one hand from some forms of Platyos- 
toma, and especially from those species in which there is a 
greater or less tendency for the shells to uncoil ; and on the 
other hand from various genera of patelloid shells. 

As might be expected in a group of gasteropods presenting 
so few constant characters that can be satisfactorily relied 
upon in classification, it is often impossible to clearly distin- 
guish between certain species of paleozoic Capulus. Many 
structural features long regarded as of much importance in 
identification are now known to possess little, if any, specific 
value, owing to their great variability. It has thus become 
necessary to consider as of the utmost significance the basis 
of species upon general resemblances rather than upon unim- 
portant variant characters, due to the diverse condition of 
environment which arises from a more or less extensive 
geographic and geologic range. Therefore in the selection of 
characters for classificatory purposes it is evident that only 
those features showing the least tendency to change are avail- 
able. 

The following forms, originally described under Platyceras, 
appear properly to belong to Capulus. Doubtless quite a 
number of other American species that have been referred to 
the former genus should also be included. 

(7. occidens (Walcott.) C. formotus Keyes. 

C. paralius (W. & W.) C. biserialis (Hall.) 

C. cyrtolites (McC.) C. cquilaierus (Hall.) 

C. jissurella (Hall.) C. infnndibulnm (M. & W.) 

C. latus Keyes. C. ohliquus Keyes. 

C. ^uiwcyfnm (McC.) C. <rt7>uZo«M« (White.) 

C oct«h*ro«<m Hall. C. chesterenzU (M. & W.) 

(7. ipinigerui (Worth.) C. parviiz Swallow. 



THE PERMO-CARBONIPEROUS OP GREENWOOD AND 

BUTLER COUNTIES, KANSAS. 
L. C. Woo8TEB« Eureka, Kan. 

Greenwood and Butler counties are situated in the south- 
eastern part of Kansas in the basin of the Arkansas river. The 
surface slopes southeast and is drained by three miniature 
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river systems : Verdigris river on the east, Fall river in the 
middle, and Walnut river on the west. The watershed be- 
tween Verdigris river and Fall river is low, the two streams 
uniting a short distance south of the district described ; but 
Fall river and Walnut river are separated by a well defined 
ridge which extends seventy-five miles south to the state line 
and beyond into Indian Territory. The summit of this ridge 
seen in the section on the oj^posite page has an elevation six 
hundred feet greater than Fall river at Eureka and nearly four 
hundred feet greater than the Walnut at Eldorado. The great 
abundance of flint nodules in the limestones of this watershed 
has given it the name, Flint Ridge, or Flint Hill.s, and the ter- 
raced slope and somewhat notched crest make it one of the 
most conspicuous topographic features of southern Kansas, 
especially when approached from the east. 

The major inequalities of surface produced by the varying 
resistances of the subjacent strata to stream erosion are repre- 
sented fairly well in the section opposite, but the details of 
the erosion surface could be given only in a relief map and 
must therefore be left largely to the imagination of the read- 
er. Remembering that the surface has been subject to rain 
and stream erosion for some millions of vears and that there 
is no protecting glacial drift to disguise the inequalities of 
rock surface, he can readily see that the level surfaces are lim- 
ited to river bottoms and to stretches of upland, preserved by 
an underlying stratum of resistant limestone. 

Before describing the strata of Carboniferous rocks exposed 
to view in the banks of all these streams from their sources to 
their mouths, it will be of interest to study some of the pecu- 
liar erosive features of the river valleys. 

Fall river valley has the steepest slope of any in southern 
Kansas, showing a fall of seven hundred feet in forty miles. 
This great descent gives the river, scarcely fifteen square feet 
in average section, a high erosive power which has caused it 
to cut very deeply into the alternating shales and limestones 
of the Carboniferous. 

Rising in the northwestern part of Greenwood county in the 
Permian of the Flint Hills, Fall river takes a southeasterly 
course obliquely across the outcropping edges of Permo-Car- 
boniferous strata and the Lower Coal Measures to its place of 
junction with the Verdigris, sixty miles away. For most of 
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this distance it is still cutting its channel deeper in the un- 
derlying rock ; and the bordering first bottoms, averaging less 
than one-half mile in width, are receiving but slight additions 
of silt. 

As might be supposed, such a stream does its chief work in 
times of flood. The average fall of the river and its tributaries 
exceeds twelve feet to the mile, the uplands and the slopes are 
destitute of forests, so the average rainfall of between thirty 
and thirty-five inches is quickly drawn into its channel and 
hurried onward to the Arkansas. The narrow border of tim- 
berland near the stream is insuflScient to restrain the flood and 
a rise of twenty-five feet in a single day is not uncommon. 
This on-rushing torrent serves as a mighty plow and scraper 
combined, and every year it works a marked change in its 
rock-bottomed channel. The work of the river is aided by the 
varying character of the strata. The limestones and shales 
average only nine feet and twenty-five feet in thickness, respect- 
ively, and thus the river for its entire length shows a succes- 
sion of cascades, rapids and deep quiet places. The border- 
ing bluff's through the varying resistant power of the strata, 
show, through rain erosion, a similar succession of falls, be- 
ing terraced to the top. 

The broad valley of the Fall river, limited by bluffs frequent- 
ly rising to a hight of one hundred and sixty feet, is wide 
enough for the Mississippi river, and seems at first thought to 
owe its existence to a river nearly as great. But the fact that 
Fall river and the neighboring streams hug, for the most part 
the southwestern side of their valleys, suggests a different ex- 
planation. The strata dip on the average about twenty feet 
to the mile, west by south, and consequently the rivers slide 
to the right side of their valleys and erode that border most 
readily and deeply. Deserted channels at higher levels are 
numerous on the other side of the valley, and give testimony 
in favor of this explanation. 

Eureka lies in the abandoned portion of Fall river valley, 
and in some situations the village wells and cellars reveal 
some curious facts in its history. Two wells, sunk in allu- 
vium three-fourths of a mile distant and seventy-five feet 
higher than the present channel of Fall river, brought to light 
portions of the skeletons of horses, at the depth of twenty-eight 
feet. A molar tooth in my possession evidently belongs to 
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the genus Equus. Whether these were the skeletons of the 
Spanish horse or of the ancient American genus, Equus, is a 
problem which awaits solution. 

I have stated that there is no glacial drift in these counties 
to serve as a protective covering to the subjacent rocks. While 
this is true, it is also true that glacial drift is not absent. A 
polygonal bowlder of granite in the writer's possession, weigh- 
ing four hundred pounds, was found near the summit of a 
high ridge in the eastern part of Greenwood county, nearly 
buried from sight in shallow soil and sub-soil. A bowlder of 
coarse granite weighing about forty pounds was discovered in 
a similar situation near Eureka on the south side of Fall river 
valley. A third bowlder is reported from the southern part of 
Greenwood county, near Fall river, and a pebble of serpentine 
was shown the writer which had been picked up in a creek val- 
ley a few miles east of Eureka. But these are all I have been 
able to see or learn about, and their rarity makes them objects 
of much interest. One hundred miles north near Lawrence 
and Topeka, drift hills with bowlders are not uncommon, and 
these bowlders may have been sent off in floes or small bergs 
from a glacier front in the Kaw valley. But as they were lodged 
on a surface that now has a hight of eleven hundred feet above 
the ocean, their presence suggests either a much less relative 
elevation at this latitude, or a great thickness of ice and depth 
of flood in the first glacial epoch. 

THE CARBONIFEROUS STRATA. 

The influence of the Carboniferous shales, limestones and 
sandstones in determining the topographic features of south- 
ern Kansas has been briefly considered in the preceding pages. 
A detailed description of the thou.sand and one strata exposed 
between Toronto and Eldorado would be out of place in the 
Geologist. So the remainder of this paper will be given to a 
study of the dominant features of the rocks and life. 

Following a precedent established by Kansas geologists, the 
term. Lower Coal Measures, will be applied to strata desig- 
nated Lower and Middle Coal Measures in Iowa and Nebraska ; 
and Permo-Carboniferous, to the Upper Coal Measures and 
Permian of other regions. 

St. John estimates the thickness of the Lower Coal Meas- 
ures as limited above at 600 ft. and the Permo-Carbonifer- 
ous at 2200 ft. Between these formations there is no percepti- 
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ble break but for reasons stated below the line of separation 
will be placed by the writer at the upper surface of the thick 
stratum of limestone,185 ft. thick, shown in the section at the 
head of this paper, penetrated by the boring at the village of 
Fall River south of Toronto. This is the thickest stratum of 
limestone of the entire Carboniferous formation and will thus 
constitute a useful horizon as a datum plane for the geologist. 
This limestone outcrops near the middle of Woodson and Wil- 
son, the adjoining counties on the east and southeast, near the 
line Prof. St. John has fixed as the eastern boundary of the 
Permo-Carboniferous, possibly with this stratum in mind. 

Between the base of the Permo-Carboniferous thus estab- 
lished and the summit of Flint Hills there intervene 1800 feet 
of shales, limestones and sandstones. The various outcrops 
show that the sandstones are limited to the lower 500 feet 
and the arenaceous shales to the lower 1,000 feet. The lime- 
stones and shales are evenly distributed between the base and 
the top. 

One thin bed of coal lies about 400 feet from the base, an- 
other 700 feet, three about 850 feet and the highest bed, little 
more than a highly carbonaceous shale, about 1,300 feet. 

The following tables will present other details of strata ob- 
tained from outcrops in the eastern, middle and western por- 
tions of the district. 
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Deep wells at Eureka, Fall River, Topeka and Emporia 
show similar sections. All were sunk with a churn drill ex- 
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cept the well at Topeka which was bored with a diamond drill. 
The locations in the Pernio- Carboniferous of the wells at Eu- 
reka and Fall River are shown in the section on page 10. 
The well at Topeka starts a little below the Eureka horizon 
and at Emporia a little above. 

The records from the Eureka, Topeka and Emporia wells 
agree as closely as could be expected and correspond with the 
observed sections ; but the Fall River record was not so care- 
fully made, though the thicknesses of the strata are certainly 
somewhat greater in that part of the Permo-Carboniferous and 
Lower Coal Measures covered by the record. The Emporia 
well passed through three beds of coal in the first 500 feet and 
one bed in the last 500. This bed must belong to the Lower 
Measures. 

In their lithological characteristics the lower shales are 
indistinguishable from the upper; and in all positions are 
nearly barren of fossils, except near the layers of limestone 
and in the calcareous or arenaceous portions. 

The limestones of the Permo-Carboniferous are light to dark 
bufi" in color, usually very compact and well adapted for ma- 
sonrv. Outside the Flint Hills thev are usuallv free from 
chert and very hard, almost glassy in their fracture. This is 
likewise true of many of the strata in tlie Flint Hills, but oth- 
er strata are crowded with chert and are much softer under 
the hammer. Near the summit of the ridge and on the sloi)es 
towards Eldorado are tlie soft, liglit grey, almost white layers, 
so much prized for fronts and trimmings in the cities of Kan- 
sas. These upper beds, if any, belong to the Permian, and are 
persistent north and south across the state. Tlieir tluckness 
is unknown to the writer ; but should the gy])siferous beds in 
the longitude of Wichita be placed in the Triassic, they, with 
the layers resting upon them, must exceed four hundred feet 
in thickness and not reach six hundred. This estimate is 
based upon the dip of the strata in the district covered by this 
paper, and on the belief that the line of junction with the Tri- 
assic was once near Wichita. 

Of the 1800 feet of rock of our section in the Permo-Carbon- 
iferous, fully 1000 feet in round numbers is sliale, 700 is lime- 
stone and 100 feet sandstone and argillaceous sandstone. 

The sandstone strata are fine grained, and, as usual in the 
Carboniferous, hold many leaf and bark impressions. The 
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heavy bed at the base of our section out-cropping between To- 
ronto and Yates Center, Woodson county, is much used for 
building purposes, as is also the thinner stratum above, out- 
cropping west of Toronto ; but the argillaceous beds of the 
middle part of the section, exposed at Eureka, are worthless 
except for building sand. The shallow water origin of these 
strata is shown by ripple marks and leaf impressions. 

Some of the thinner beds of limestone are ripple-marked as 
well, but most of it is heavy bedded, or at least contains the 
remains of animals which frequent the deeper, purer waters, 
such as the crinoids whose stalks make a large percentage of 
the material of many of these layers, and many corals. 

Since the deep sea then covering western Kansas and 
eastern Colorado would take to itself the debris of the western 
mountains, we must look for the source of the material of the 
sandstones and shales in the ancient mountains of Missouri, 
ranges of no mean extent and altitude, to furnish the thous- 
ands of cubic miles of sediments of the later Paleozoic forma- 
tions of Missouri, Kansas and Nebraska. 

So great was the diversity of conditions while these sedi- 
ments were being deposited, so unequal and frequent were the 
oscillations of the crust of the earth over eastern Kansas, at 
least, that little reliance can be placed uj)on the thickness and 
lithological cliaracters of the strata. It would seem that shale 
and limestone and even sandstone were being deposited at the 
same time even in an area not larger than a congressional 
township. The writer spent weeks, almost months, trying to 
trace a series of strata from bluff to bluff on the same side of 
Fall river and across the valley to the opposite side. Even 
coal beds were of little assistance for they varied greatly in 
thickness and extent. Fossils, the main reliance of the geolo- 
gist, did not help for they varied in the same stratum and the 
same species occurred above and below, with fortunately, how- 
ever, one exception. A layer of limestone was at last discov- 
ered containing Fusulina cylindrica var. robusta in great abun- 
dance. From this layer alone was it possible to prepare a 
section for Eureka and vicinity that would stand all tests. All 
field geologists will appreciate the joy attending its discovery. 

Whether this layer with F. robusta extends more than three 
miles is not known by the writer; but he is confident that such 
horizons are rare, and that general truths gained from a study 
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of the whole body of strata are more useful over wide areas. 
These he has endeavored to give in the preceding pages. 

LIFE. 

Fossils are about equally abundant in the lower, middle and 
upper portions of the Permo-Carboniferous, and are especially 
numerous in the limestones, and the calcareous and arenace- 
ous shales. Certain genera such as Productus, Athyris, Spiri- 
fer and Chonetes are represented by the same species through- 
out the formation and are therefore of little use in determining 
horizons. These widely distributed species are : Productus 
semireticulatus, P. nebrascensis, P. longispinus, P. prattenian- 
us, Athyris subtilita, Spirifer cameratus, S. (Martina) planocon- 
vexus, Chonetes granulifera and Fusulina cylindrica. 

Those species which thus far have been found only in the 
lower (Neal) portion of the formation are : Myalina subquad- 
rata, Pleurotomaria turbiniformis, Schizodus whecleri, Syring- 
opora multattonuata, and buckhorn coral, species and genus 
unknown. 

In the middle (Eureka) portion : Several undetermined 
species of Macrocheilina and AUorisima ; Petalodus destructor 
Pleurotomaria perhumerosa, P. inornata, Euomphalus rugosus, 
Eirsocirnus sp.? and two undetermined species of Sigillaria. 

In the Lower Flint Hills (Reece) : Pseudomonotis hawni 
var. sinuata, Aviculopecten occidentalis, Meekella striato-cos- 
tata, and Spiriferina kentuckensis. 

In the Upper Flint Hills (Permian) : Cha}nomya leaven- 
worthensis, Pleurophorus subcuneatus, Myalina perattenuata 
and a Nautilus sp.? 

The above determinations rest solely upon the writer's 
judgment. A more experienced palaeontologist would proba- 
bly modify the list. The writer used Meek's Palaeontology of 
eastern Nebraska, vol. ii of the Palaeontology of Illinois, and 
Dana's Manual, principally the first, in classifying his collec- 
tions. 

Some general statements respecting the life of the Permo- 
Carboniferous will probably be as helpful to the geologist as 
the above lists : Cup corals are much more abundant in the 
lower than in the upper half of the formation. One layer of 
hmestone near Neal is an intertwined mass of Campophyllum 
torquium. Incrusting corals are everywhere common. 

Crinoid columns are very abundant in the lower and middle 
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shales and limestones. Heads are not common and with the 
exception of 2ieacrinus mucrospinus in the lower and middle 
strata, only two have been discovered. One of these, found at 
Neal, Zeacrinus, measures four inches from the base to the 
tips of the arms, and another at Eureka, an Eirsocrinus, is 
about half as long. 

Sea urchins are represented by plates and spines in all parts 
of the formation. 

Among brachiopods, Spirifer cameratus and Hemipronites 
crasBUs are remarkable for their wide range in size and distri- 
bution, and Productus semireticulatus for its great size and 
wide range. The last with P. nebrascensis is very common in 
the chert at the summit of the Flint Hills. 

Lamellibranchs are widely distributed and belong quite 
largely to the order, Asiphonia. The characteristic forms have 
been mentioned above ; but many collected are as yet undeter- 
mined. 

Gasteropods have likewise a wide range, and many forms 
remain unclassified. A single layer of limestone at Eureka 
has yielded the major part of the collection. One, a Murchi- 
sonia-like gasteropod, measures three and one-half inches from 
the base to the apex and revolves eight times in the same dis- 
ance. The Macrocheilinse in the same layer rank next in 
size. 

Chambered shells and trilobites have thus far been found 
only in the middle and upper strata. 

Sharks teeth of the genus Petalodus occur in the Eureka 
horizon, and labyrinthodont foot-prints are found in layers of 
limestone a short distance above the same horizon. 

Unclassified species of sea weeds, Calamites, ferns and Sigil* 
laria have been collected at nearly all horizons to the base of 
the Flint Hills, not above. 

The writer has been especially interested in the fact that 
forms that are to become extinct at the close of the Permian 
show no diminution in numbers in the highest strata examin- 
ed. They seem to await the great change in their environ- 
ment as tiieir final summons to give up their long struggle for 
existence, and not to die out from the infirmities attending 
old age. 
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ON THE CONTACT OP THE HURONIAN AND LAURENTIAN 

ROCKS NORTH OP LAKE HURON. 

By Alfred E. Bablow, M. A., Ottawa. 
Read before the Logan Club, Ottawa, February 27th, 1890. 

In this paper the writer proposes to bring forward some 
observations on the nature of the contact between the typical 
Huronian rocks of lake Huron and the Laurentian gneisses, 
which, it is thought, have an important bearing on the ques- 
tion of the origin and relative age of the latter. During the 
past five years he has had many opportunities, first as assist- 
ant to Dr. A. C. Lawson in the lake of the Woods and Rainy 
lake regions, and latterly as assistant to Dr. R. Bell in the 
country north of lake Huron, of becoming familiar with the 
phenomena of Archean geology and of studying particularly 
the conditions of contact where the Laurentian comes against 
the other rock formations of the Archean complex. 

The Huronian area to the north of lake Huron is made up 
of a series of quartzites, graywackes, slate conglomerates, clay 
slates, hydro-mica, chloritic, epidotic and hornblendic schists, 
diabase and cherty limestones. 

The majority of the clay slates have the appearance of being 
very little altered except in contact with the diabase and 
other igneous rocks and present in great part the name appear- 
ance as when hardened from the original soft sediments. The 
quartzites, graywackes and slate conglomerates have all been 
hardened and altered by the deposition of silicious matter be- 
tween the component grains, and near the gneiss the two far- 
mer species are altered into quartzose mica schists. In the 
neighborhood of diabase masses the slates and limestones are 
hardened and traversed by reticulating veins of secondary 
quartz, while the quartzites near igneous masses become more 
indurated and present veins of secondary quartz running par- 
allel with the bedding, so that it is likely that the eruptive 
material has been the source of the heated solutions of silica. 
The Laurentian formation to the north of lake Huron is rep- 
resented solely by orthoclase gneiss, a rock which may be 
described as essentially a crystalline admixture of feldspar, 
quartz and hornblende or mica, although in many cases both 
these last named minerals are present in the same rock mass. 
It is distinguished from granite only by its foliated texture, a 
structure produced by the parallel distribution of the compo* 
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nent crystals or the alternation of lighter and darker bands 
according to. the prevalence of the feldspar and quartz or 
hornblende and mica. Frequently this foliation is quite dis- 
tinct, though sometimes it is obscure and occasionally it can 
not be detected at all, the rock then being indistinguishable 
from ordinary eruptive granite. 

Messrs. Logan and Murray, although they carefully exam- 
ined and mapped out the distribution of the different members 
of the Huronian system, almost ignored its contact with the 
Laurentian, and it is only of late years that attention has been 
directed to the contact as a means of ascertaining the relative 
ages of the two systems. In the absence of all fossil remains 
this is the only criterion to determine the age of Laurentian 
gneiss in regard to the Huronian. 

Dr. Robert Bell, in his report' on the geology of the neigh- 
borhood of the village of Shiboananing (Killarncy) says: 
"The village itself stands upon red sycnitic granite, which, 
"except at the sides, has a massive homogeneous structure, 
*-but in a few instances a single reddish or yellowish green 
"shaly streak an inch or two in thickness was observed running 
'*in a northeasterly direction. Towards each side the grain of 
"the rock begins to assume a sort of parallelism or a gneissoid 
"structure." The junction between this and the Huronian 
quartzite and hornblende schists is seen at a rocky island in 
a cove about a mile north of the western end of "the passage" 
on the north side of which the village is built. "The granite 
is flanked by a stratified rock of a reddish gray color consist- 
ing of a fine grained crystalline mixture of feldspar and 
quartz." Both rocks have approximately the same northeast- 
erly strike, but while the Huronian beds are about vertical the 

granitoid gneiss dips southeast I 50°. Dr. Bell refers this 

granitoid gneiss to the Huronian rather than the Laurentian 
although he gives no reason for so doing. The coincidence in 
direction of the "streaks" in the midst of the granite itself as 
well as the more perfect development of the lamination near 
the junction with the Huronian schists are characteristic 
features of obscure or non-foliated gneissic areas. 

From Killarney the line of junction strikes in a northeast- 
erly direction for about sixteen miles, crossing the eastern 
boundaries of the townships of Goschen and Carlyle (Salter's 
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meridian line) about six miles south of lake Panache, although 
the limit of the Huronian in this direction has not been ascer- 
tained with precision. In this vicinity it must turn to a more 
northerly direction for it passes about a mile to the east of 
lake Panache with a strike of N. 25° E. 

The shores and islands of the eastern portions of lake Pan- 
ache are occupied by a granular quartzite of varying shades of 
gray ; mica in the form of minute desseminated scales and 
also feldspar are usually present in small quantities. About 
three miles from the contact with the gneiss, these Huronian 
quartzites show signs of great disturbance and the strike 
which has hitherto been nearly east and west turns abruptly 
to the southeast, this change being still farther continued till 
the strata just southeast of the lake have assumed a south- 
easterly strike, thus corresponding with the line of outcrop of 
the gneiss in this direction. A little to the north of this east- 
ern end of lake Panache and emptying into it, is Gabodin 
lake, about two miles in lengtli. At the western end or outlet 
of this lake micaceous quartzites were noticed with a strike of 
N. 75° E. which curves around quickly, for on the islands in the 
eastern part of the lake quartzose mica-schists were seen 
striking N. 15° E., these rocks being thus conformable with 
the line of outcrop of the gneiss in its northerly continuation. 
The rapid changes in the strike of the quartzites is accom- 
panied by a very marked alteration in the' character of the 
rocks themselves. The granular quartzites and sandstones 
which have previously shown no further signs of alteration 
than a hardening consequent on the interstitial deposition of 
silicious matter are now metamorphosed into very typical 
quartzose mica schists. The change is gradual but marked 
and extends to a distance of three miles from the line of junc- 
tion. 

The planes of bedding of the Huronian mica schists are 
parallel to the lamination of the gneiss. Both rocks have a 
strike N. 25° E. and a dip of S. 55° E. I_ 75°, the mica schists, 
however, dipping into or under the gneiss. • Penetrating the 
schists are lenticular sheets and patches of gneissic material 
of character and composition similar to the great mass of the 
gneiss in the immediate vicinity, to which they may often be 
continuously and directly traced. These intrusions of gneiss 
have disposed themselves usually in a direction parallel to the 
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bedding of the schists, thus showing the coincidence of the 
lines of least resistance with the lamination of the schists. 

The eruptive nature of these gneissic patches and sheets is 
quite evident from even a cursory examination of the relations 
of the two rocks "in situ" for the foliation of the gneiss com- 
posing these intrusions is parallel to the walls of the fissuresi 
even when these fissures cross the strike of the schists. This 
also demonstrates that gneissic lamination is caused by the 
flow of the rock while viscid under differential pressures. Angu- 
lar fragments of theHuronian mica-schists are included in the 
gneiss, the foliation of the latter conforming roughly with the 
irregular outlines of the fragments. The flow structure thus 
produced is always very marked. We have then the three 
criteria by which the presence of an eruptive mass is ascer- 
tained: 1st, the penetration of the sedimentary strata by 
dykes of the irruptive matter ; 2nd, the occurrence of broken 
fragments of these same beds in the irruptive mass itself, and 
3rd, the metamorphism or alteration of the stratified rocks 
along the line of junction. Evidence is also furnished of the 
irruptive character of this gneiss by the abrupt changes in the 
strike of the mica schists in the vicinity of the line of outcrop 
of the gneiss. 

The line of junction was next seen on the western shore of 
Wavy lake about six miles in a direction N. 16^ E. from the 
place where it was examined east of lake Panache. Although 
it has not been thoroughly explored through the intervening 
space, the boundary can be laid down with a very close ap- 
proximation to the truth from a knowledge of the strike of the 
gneiss in the neighborhood ; for it has been noticed that the 
direction of the line of demarcation depends not on the strike 
of the Huronian schists or quartzites, but on the foliation of 
the gneiss, whose line of outcrop is always parallel to the 
gneissic lamination in the immediate vicinity. In the south- 
ern part of Wavy lake the gneissic foliation has a northeast- 
erly trend, which in coming north gradually curves around to 
an almost easterly direction. In the northern portion of the 
lake the strike bends around very abruptly from a northeast 
to a southeast direction and the change is further continued 
till in the eastern part of the lake the lamination of these two 
areas of gneiss converges in a common strike of N. 70^ E. 
A funnel-shaped trough is thus formed in the western portion 
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of the lake, which is occupied by a tongue of highly inclined 
Huronian quartzites. At the southern edge of this trough 
the quartzites abut directly on the gneiss as on an irruptive 
mass, the strike of the former being N. 65° W. Dip 8. 25° W. 
l« 50 while the foliation of the gneiss is N. E. DipS. E. I 75°. 

At the northern edge of the trough the stratification of the 
quartzites corresponds in direction with the lamination of the 
gneiss. Both rocks strike S. 38° E. Although their declination 

is in opposite directions, the quartzites dipping S. 52° W. I 

80°. while the gneiss dips N. 52° E. L. 80. 

The quartzites near the line of junction on Wavy lake are 
not so highly altered as on lake Panache, yet the proportion of 
mica in these rocks is seen to increase as the gneiss is 
approached.. Where they abut on the gneiss, the quartzites 
are very much broken up and a jointed structure developed 
nearly parallel in direction with the line of contact. At the 
eastern end of the lake where the lamination of the northern 
and southern areas of gneiss converge in a common strike, 
angular fragments of various sizes of the Huronian micaceous 
quartzites were noticed embedded in the gneiss, the foliation 
of the latter flowing around the irregular outline of these frag- 
ments. 

From Wavy lake the line of demarcation curves around 
very quickly from northwest to northeast and was next seen 
on the north shore of Chief's lake, on the south line of the 
township of Broder (Salterns base line) three and a half miles 
east of Long lake. Throughout this distance of nearly six 
miles, the general strike is northeast. Mr. Alex. Murray, who 
made an examination of the rocks exposed on Salter's base 
line simply describes the boundary here as a junction between 
"red pneiss" and "greenish mica slate." 

The line from this point strikes due north into the township 
of Broder for about a mile when it bends around to the north- 
east for half a mile and then to N. 78° E. which general strike 
it maintains till the eastern line of Broder is reached. 

Where this last abrupt change in the line of junction takes 
place the Huronian rocks with a strike of N. 75° E. and dip S- 
15° E. I 65° abut on the gneiss whose lamination has a direc- 
tion of N. 40° E. and dip S. 50° E. L. 68°. Throughout the 
remaining part of the township of Broder, however, the mica- 
ceous slates and quartzites have approximately the same 
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strike and dip as the gneiss. The gneiss is always superim- 
posed on the sedimentary strata and both rocks dip in a 
southerly direction at angles varying from 65°-70°. 

Near the line of junction the siliceous slates and quartzites 
become highly schistose and micaceous and show signs of hav- 
ing been subjected to great pressure. Angular pieces of the 
schistose rocks are included in the gneiss, especially near the 
curve in the line of junction, while intrusions of gneiss were 
seen at several places penetrating the stratified rocks. In one 
instance a lenticular mass of distinctly laminated micaceous 
gneiss was seen intruded through the schists parallel to their 
bedding at a distance of three hundred yards from the line of 
contact. Besides these gneissic intrusions there are irregular- 
ly shaped fissures,running transversely to the strike of the schists 
and filled with coarsely crystalline feldspar and quartz. In the 
larger portions of these veins, the feldspar and quartz are 
present in about equal proportion, but where they begin to 
thin out, quartz seems to be the main, and, in some cases, the 
only constituent. These pegmatitic apophyses are evidently 
portions of the adjacent gneiss which have been injected 
through the schists and crystallized in the presence of heated 
vapours. A large pegmatite vein of this sort was noticed on 
the line between Broder and Dill, extending across the strike 
of the schists for a distance of half a mile from their contact 
with the gneiss. Through the township of Dill the boundary 
has not been examined in detail, but it follows in general a 
northeasterlv course for about five miles when there is another 
abrupt turn to the north, and the junction was again seen 
exposed to the west of a small lake which flows into the 
Wahnapitae river four miles below Wahnapitae Station on the 
Canadian Pacific railway. The whole line of contact from 
Wavy lake to this point follows very closely the trend of the 
chain of lakes which form "The Whitefish River route." On 
the portage leading westward from this small lake the Huroni- 
an slates and quartzites, with a strike varnng from east to 
northeast, are interrupted by the gneiss, whose foliation has a 
northerly direction. The siliceous slates and quartzites have 
been metamorphosed even at a distance of two miles from the 
contact. Finally crystalline feldspathic intrusions as well as 
more coarsely crystalline apophyses of pegmatite penetrate the 
sedimentary strata while the gneiss near the line of junction 
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is rendered more schistose or slaty by the incorporation of 
detached fragments of slate and quartzite elongated or flat- 
tened in the direction of the gneissic foliation. 

Continuing still further northeast the boundary strikes the 
Wahnapitae river just below the Canadian Pacific railway 
bridge. The actual contact is not seen and the intervening 
space of one hundred and fifty yards between exposures of the 
two rocks is occupied by the river and a grassy flat. On the 
west side of the bridge are light greenish gray feldspathic 
quartzites with some thin interlaminated bands of darker col- 
ored sandy shale which have a strike of N. 65° E. and dip N. 
25° W. L- 60°-70°. On the opposite bank of the river and 
near the railway station a dark gray, evenly laminated mica- 
ceous gneiss was noticed striking N 67° E. and dipping S. 23° 
E. I 60.° Ruby colored garnets, arranged parallel to the foli- 
ation, are exceedingly numerous, the crystals frequently meas- 
uring from a quarter to half an inch in diameter. 

The line of separation is occupied by the bed of the stream 
for a short distance when it again strikes inland, running par- 
allel to the general course of the river. Through this distance 
of nearly six miles the contact is generally half a mile south- 
east of the river. The gneiss dips in a southeasterly direction 
at high angles, while the Huronian rocks with the same strike 
are nearly if not quite vertical. Apophyses of pegmatite are 
very often seen penetrating the silicious slates and quartzites 
which near the line of junction are altered into mica-schists. 
For nearly two miles further the contact is again concealed by 
the bed of the stream ; but from this point it strikes across the 
country in a direction N. 60° E. for sixteen miles and was 
next seen by Mr. Murray crossing the Sturgeon river two 
miles below its confluence with the Maskinonge river. Noth- 
ing very definite, however, was ascertained regarding the rela- 
tions of the two rocks at this place. Continuing on the same 
general course for twenty miles the line of division strikes the 
southern end of Cross lake. Here the Huronian slate con- 
glomerate underlies the gneiss with perfect conformity, both 

rocks dipping S. 35° E. I 56°. The slate conglomerate has 

very evidently been disturbed and altered near the line of con- 
tact and where the two rocks are in immediate juxtaposition 
a very perfect set of cleavage planes were noticed in the con- 
glomerate dipping N. 50° E. I 73°. At first these were mis- 
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taken for the planes of bedding but a more careful examina. 
tion revealed their true character. Further to the northeast on 
lake Temiscaming the syenitic gneiss rests conformably on the 
Huronian strata, both rocks dipping to the southeast at high 
angles.^ 

Mr. Walter McQuat in his report of the Temiscaming region 
gives a very detailed description of the junction as exposed 
on that part of the Ottawa river locally known as "The 
Quinze." He mentions especially the occurrence near the con- 
tact of lenticular masses of a gneissic character in the Huroni- 
an hornblende schists which have a general direction corres- 
ponding with the bedding. In addition he notes the intrusion 
through the Huronian at a considerable distance from the line 
of junction of a light gray granitic gneiss, whose foliation is 
parallel to the stratification of the adjacent schists. This len- 
ticular irruptive mass measures six hundred yards long by one 
hundred wide and the direction of the longer axis corresponds 
with the strike of the schists. As the stream is ascended and 
the great mass of the gneiss approached the sedimentary strata 
show signs of great alteration and hornblendic, chloritic and 
steatitic schists occupy the upper portion of the river. At 
the junction the Huronian schists are seen to rest conforma- 
bly on the syenitic gneiss. Further to the north where Mr. 
McQuat made a somewhat hurried examination the Huronian 
rocks everywhere near the contact with the gneiss, exhibited 
abundant signs of disturbance and alteration consequent on 
the irruption of the gneiss. The same geologist in his explor- 
ation of the Blanche river which flows into the northern end 
of lake Temiscaming, notices the occurrence of two areas of 
gneiss separated from one another and apparently completely 
surrounded by Huronian schists. The southern area is about 
ten miles across but the limits of the northern area exposed 
on the shores of Round lake at the head of this stream were 
not ascertained. On the southeast as well as on the north- 
west side of the southern area, the gneiss rests conformably on 
the chloritic, micaceous and hornblendic schists, occupying 
apparently a synclinal basin in these schists. At the south- 
eastern edge of the northern area the schists dip away from 
the gneiss. Although Mr. McQuat in his printed report refers 
to the northern area as an intrusive mass of syenite, he colors 

'See Report Geol. Survey Canada 1872-73. 
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it on his accompanying manuscript map as Laurentian gneiss, 
evidently deeming it of similar character and origin. The 
Huronian rocks in this district form a belt composed chiefly 
of quartzites, slates and conglomerates, which, starting from 
the northern shores of lake Huron extend in a northeasterly 
direction. The belt varies in breadth from about twenty-five 
miles in the vicinity of lake Huron to nearly one hundred 
miles in the Temagami region. At various places isolated 
areas of granitoid gneiss protrude through these sedimentary 
strata, the latter curving around the irruptive masses and con- 
forming in general with their line of outcrop. An area of this 
kind, four or five miles in width, occupies the north shore of 
lake Huron, extending along the coast from Blind river to the 
vicinity of the mouth of the Thessalon. Another area was 
noticed north of Whitefish station on the "Soo" branch of the 
Canadian Pacific railway. 

Dr. Bell has remarked the occurrence of two of these bosses 
on the Montreal river which may possibly be connected with 
the two areas seen by Mr. McQuat on the Blanche river. A 
boss of distinctly foliated flesh-red hornblendic gneiss occupies 
a portion of the shores of Carrying, McLean and Anima- 
nipissing lakes, which lie between lake Temagami and the 
Montreal river. The thinly bedded slate conglomerate through 
which this mass has been intruded is everywhere altered in 
contact with the gneiss. Near the line of junction the Huroni- 
an strata rest unconformably on the upturned edges of the 
gneiss. On Anima-nipissing lake where the immediate con- 
tact was examined the slate conglomerate inclines N. 50^ W. 
L- 50° while the gneiss dips S. 85° E. I_ 70°. Along the line 
of junction the slate conglomerate dips off the irruptive mass 
at high angles (50°-60°) while only a short distance away the 
declination is at a comparatively low angle (15°-20°). 

On the western side of Wahnapitee lake are exposures of a 
pale flesh-red hornblendic gneiss whose contact with the sur- 
rounding Huronian quartzite and diabase indicates its intru- 
sive nature. The characteristic brecciated junction is every- 
where displayed where the two rocks are seen in juxtaposition. 
Bands of gneiss penetrate the quartzite and greenstone while 
angular fragments of the two latter rock species are included 
in the gneiss which is distinctly foliated and indistinguishable 
firom what is usually called Laurentian. This gneissic area is 
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probably continuous with the one to the southwest in the 
township of Blezard and may even be connected with the 
small exposure of finely crystalline irruptive syenitic gneiss 
seen to the southeast of the Murray mine four miles northwest 
of Sudbury. 

The lino of demarcation is very seldom a simple plane of di- 
\dsion, the breccia present along the line of junction frequent- 
ly covering a considerable space. It is therefore often impos- 
sible to draw an accurate line of division between these two 
rocks unless we assume that such a line should be placed 
where the two rocks are present in about equal proportion. 
The general correspondence of the gneissic intrusion with the 
stratification of the enclosing schists and the frequent lenticu- 
lar outline and parallel disposition of the detached schistose 
fragments in the gneiss often resemble at first sight an alter- 
nating sequence of transitional beds. Again the crystalline 
condition of the Huronian feldspathic and micaceous quart- 
zites near the line of contact, which frequently resemble in 
character and composition the more evenly laminated gneisses 
has been referred to as evidence of such a transition. But 
even in such a case the bedded character of the Huronian is 
in strongly marked contrast to the granitic asi)ect of the 
gneiss. 

In conclusion then, the following facts seem to prove beyond 
a doubt the irruptive nature of Laurentian gneiss and its mag- 
matic condition at a time subsequent to the petrifaction of 
the Huronian sediments. 1. The diverse stratigraphical re- 
lations of the two rocks along their line of junction. More 
frequently perhaps the Huronian strata dip into or under the 
gneiss, although very often this position is reversed and the 
Huronian beds are seen superimposed on the gneiss with per- 
fect conformity. In many instances the two rocks occupy 
vertical positions side by side and occasionally the gneiss has 
been observed dipping away from vertical Huronian strata. 
Huronian rocks have also been seen resting unconformably 
on the upturned edges of Laurentian gneiss. Sometimes 
where the sinuosities of the line of outcrop of the gneiss were 
too abrupt to be followed by the stratified Huronian, the lat- 
ter rocks have abutted on the gneiss as on an irruptive mass. 
These different phenomena can all be readily and naturally ex- 
plained by the irruption of the gneiss, while on the hypothesis 
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of an aqueous origin such explanation must be difficult and 
unsatisfactory. 2d. The alteration of the sedimentary rocks 
along the line of junction is a feature that has been invariably 
noticed where the contact has been carefully examined. 3rd. 
The inclusion of angular fragments in the mass of the gneiss 
which are clearly referable to the adjacent sedimentary strata. 
Near the line of junction these detached pieces have a clear 
and sharp outline while further in the mass where they have 
undergone partial fusion and absorption their outlines are 
blurred and indistinct. 4th. The occurrence of gneissic in- 
trusions as well as more coarsely crystalline apophyses of peg- 
matite, both interlaminated with and transverse to the bedding 
of the Huronian rocks. These intrusions are distinctly irrup- 
tive and can often be directly traced to their source in the 
larger area of gneiss in the vicinity. 5th The absence of 
limestones, slates or quartzites or in fact any species of rock 
indicative of ordinary sedimentation. The crystalline lime- 
stones so far observed in the Laurentian in the lake Huron 
region are simply veins of calcite while the quartzites and 
mica schists sometimes seen interlaminated with the gneiss, 
are only quartzose and micaceous conditions of the more com- 
mon feldspathic gneiss. Gth. The general character of the 
rock itself which in appearance and behavior has far more re- 
semblance to an ordinary irruptive granite with a foliated tex- 
ture, than an altered sedimentary rock. Sir. W. E. Logan 
himself in his notes of its occurrence on lake Temiscaming, 
invariably refers to it as "gneissoid syenite." The Huronian 
system therefore may be regarded as the oldest series of sedi- 
mentary strata of which we have at present any knowledge in 
this region. The original sediments must have been laid down 
on a firm floor whose composition judging by the character of 
the Huronian rocks must have been closely analogous to granite. 
The slates, conglomerates, quartzites and greywackes have 
all been derived from the waste of older feldspathic material. 
The laminated pebbles in the slate conglomerates indicate that 
this feldspathic floor had at least in places a foliated or gneiss- 
ic structure. It was doubtless the fusion and subsecjuent re- 
crystallization of this gneissic or granitic floor that gave rise 
to the Laurentian gneiss. The immense pressure exerted by 
the weight of the super-incumbeut mass of Huronian strata, 
and the crumpling, folding and fracturing of the comparative- 
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ly thin and weak crust consequent on the earth's secular re- 
frigeration would all tend to mark the lower portions of the 
Huronian beneath the line of fusion, and as this fusion contin. 
ued a large part of the stratified rocks was assimilated into 
the mass of the gneiss. This granitic fusion or alteration 
must have taken place at a great depth below the earth's pres- 
ent surface and subsequent upheaval and denundation have 
now exposed it. Strong evidence has been secured from fre- 
quent observations of the strike of the gneiss through the lake 
Huron country that a great part if not all of the region charac- 
terized by the presence of this rock is made up of huge circular 
or irregularly oval shaped concentric areas which anastomose 
with one another. This concentric arrangement of the gneis- 
sic foliation seems to indicate that the forces of upheaval in 
the gneiss have acted from certain centres. These observa- 
tions and conclusions indicate that the typical Huronian bears 
a relation to the Laurentian precisely similar to that which 
has been established in the country northwest of lake Super- 
ior for the Keewatin and Coutchiching groups of rocks by 
Dr. A. C. Lawson. 

Dr. A. C. Lawson very kindly undertook the examination 
under the microscope of seven thin sections of both rocks to 
show some of the contact phenomena, and below will be found 
the result of his investigations. 

Slide No. 1. North shore of Archie bay, lake Panache, four miles 
west of the contact. 

This rock may be reis^arded as a typical specimen of the less altered 
quartzite and a thin slice of it was examined under the microscope to 
snow its relations with the more altered micaceous quartzite near the 
line of the junction. "A fine grained, light yellowish gray quartzite rust 
"stained in places ; under the microscope it is seen to be a crushed 
"quartz-sandstone. A cataclastic condition is seen to have been induced 
"upon the original epiclastic grains of quartz ; wavy extinction is com- 
"mon. There is a rude parallel arrangement of the quartz grains in 
"long areas and between the constituent grains is a fine cement 
"which is largelv made up of a felt work of musoovite. In some por- 
"tions of the slide this felt work of muscovite is mixed with clastic 
"gprains of Quartz and forms a base in which the larger clastic grains 
"are imbeaded. Besides quartz there is present a notable proportion 
"of fragments of feldspar." 

"Slide No. 2. In contact with the gneiss east of lake Panache. A 
"light gray, fine textured, somewhat micaceous quartzite with occas- 
"ional "sneen surfaces'' along shear planes. Under the microscope the 
"rock is seen to be an aggregate of suoangular or rounded quartz grains 
"with a subordinate proportion of feldspar grains, most of the latter 
"being quite fresh and showing the multiple twinning of plagioclase. 
"Some of this plagioclase is clearly in original clastic grains but some 
"appears to be secondary interstitial growth. Scattered throughout 
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"the slide are numeroiui scales of brown biotite and a less proportion 
"of muscovite. Most of these mica scales have a parallel arrangement 
"but some are seen to have been developed in the curved lines or areas 
"between the original clastic grains. Some of the quartz grains show 
"evidence of pressure in the optical tension which they manifest under 
''crossed nicols. Inclusions are not abundant in the quartz. *' 

"Slide No. 3. In contact with the gneiss east of lake Panache. A 
"silvery micaceous, very quartiose schist, somewhat rusted, and with 
"strongly micaceous sheen surfaces. Under the microscope the rock 
"is seen to be composed essentially of quartz and muscovite. There 
"is a well marked parallelism in the arrangement of the muscovite 
"and the quartz shows distinct cataclastic structure, wavy extinction, 
"arrangement in parallel areas and other crushed phenomena. Evi- 
"dently an altered sandstone." 

"Sliae No. 4. Contact east of lake Panache. The hand specimen 
"before sliced showed two small bands of granitoid gneiss irruptive 
"through it. "Dark greenish gray fine-grained quartzite traversed by a 
"small stringer, three-ouarters of an inch wide of rather coarse fiesh 
"red ^anite. Under the microscope the quartzite is a typical epi- 
"clastic rock presenting no strong evidence of deformation by pressure. 
"It consists of a heterogeneous aggregate of clastic grains of quartz and 
"feldspar, much of the latter being plagioclase. In sections the shape 
"of these grains is rounded, sub-angular or sometimes angular. Tne 
"larger grains are imbedded in a base composed of much smaller grains 
"of the same materials but intimately mixed with a green chloritic sub- 
"stMice which gives its color to the rock. The section crosses the con- 
"tact of the granite stringer and the quartzite. The contact between 
"the two is snarp but ragged and portions of the clastic rock are seen 
"to have been incorporated in the granite. The granite itself is a 
"coarse angular aggregate of orthoclase and quartz, with extremely 
"little of the ferro-magnesian constituent. There is a certain amount 
"of finer base in the gp^anite of which it is difficult to say whether it is 
"simply a later and more rapid consolidation of the magma about the 
"larger constituents or whether it is a portion of the clastic rock which 
"has been incorporated without fusion in the granite. '' 

Slide No. 5. Laurentian gneiss in contact with Huronian micaceous 
quartzite, north shore of Wavy lake. "A reddish highly feldspathic 
"granite with occasional shear planes traversing it. Under the mi- 
"croscope the rock is a granular aggregate of orthoclase, quartz, 
"pla^oclase and biotite in which crush phenomena are to a 
"limited extent apparent. The orthoclase is very much kaolinized 
"in its central portion but quite fresh in the peripheral zone. The 
"plagioclase is as a rule fresh. The biotite is very sparingly represent- 
"ed and is almost entirely altered to chlorite. There is present also a 
"little brown iron oxide. The effects of secondary pressure are seen 
"on the occasional dislocation of the plagioclase crystals and in cata- 
"clastic structure which has to a limited extent been developed in por- 
"tions of the sections." 

Slide No. 6. Township of Broder, Ooncession in. Line between 
"lots 4 and 5, 350 yards north of the contact with the gneiss. "A gray 
"moderately fine textured schist, spotted with scales of brown mica 
"and having uneven or lumpy cleavage surfaces, with marked silvery 
"gloss. Under the microscope the clastic character of the rock is ap- 
''parent, it being composed of grains of quartz and feldspar chiefly. 
"Throughout this clastic aggregate there have been developed numer- 
"erous plates of brown mica and some of muscovite nearly all in paral- 
lel position. Scattered throughout the slide are nests of separated or 
closel^r aggregated grains of a light vellow pleochroic mineral proba- 
"bly epidote. The separate grains of epidote in each nest have tor the 
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''most part all a common orientation and extinguish together. None 
''present crystalographic boundaries nor distinct cleavages. There is 
"a considerable proportion of black opaque material scattered through 
"the section — probably magnatite." 

Slide No 7. Township oiBroder, Concession in. Line between lots 
4 and 5 — at the contact. "A pinkish to yellowish gray medium tex- 
"tured biotite granitoid gneiss, with a portion of a very fine textured 
"greenish gray schist partly adhering and partly enclosed in the gran- 
"ite on one side of the specimen. The thin section examined is across 
"the contact of the granite gneiss and the schist. In the section the 
"two rocks are very distinct and the contact while fairly sharp shows 
"portions of the schists included within the granite. The granite is a 
"granular aggregate of orthoclase, microdine, plagioclase, quartz, bio- 
"tite and muscovite. Some of the orthoclase shows a zonal structure, 
"the interior idiomorphio portions being more decomposed than the 
"outer zone whose form is allotriomorphic. A colorless mineral with 
"strongly marked relief, probably garnet, was also observed without 
"crystalline boundaries. Some small shreds of chlorite arising ap- 
"parently from the decomposition of the l)iotite, are also found scat- 
"tered through the granite. There is present in association the chlo- 
"ritized biotite, some magnitite and also some opaque granular dust, 
"probably also magnitite. Apatite occurs sparingly in slender needles 
"and in stout oval bodies. In the structure of the rock there are some 
"slight evidences of pressure seen in the occasional dislocation of a 
"crystal of plaeioclase but there is neither shearing or cataclastic 
"structure. Tne schist in contact with this granite is profoundly 
"sheared and it only requires an inspection of the slide to see that the 
"shearing was affected before the magma from which the granite has 
"crystallized was brought in contact with the schist. The schist is 
composed essentially of quartz and muscovite and these minerals 
rearranged in parallel thinly lenticular areas which wedge into one 
another. The optical tension of the quartz lenses is very constant. 
The cataclastic structure of the quartz is pronounced. T?he general 
aspect of the schist is that of a streaky rhyolite. 
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ARTESIAN WATER FROM THE DRIFT. 

By Chas. W. Kolfe, Urbana, 111. 

The presence, in the drift, of water-bearing veins under 
sufficient bead to cause them to flow at the surface when tapped 
is not a very uncommon occurrence, but the district about to 
be described is, I think, remarkable for its size, and the ease 
with which flowing wells can be obtained over a large part of 
its area. This fact, and the many misconceptions of its struc- 
ture as shown by the theories advanced to account for its 
water supply, have led me to think that a brief study of its 
characteristics would be acceptable as an aid in interpreting sim- 
ilar phenomena elsewhere. 

The district lies on the eastern side of the state of Illinois^ 
about sixty miles south of Chicago, and is roughly covered by 
Iroquois county, although it reaches over into the contiguous 
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portions of Kankakee, Champaign and Vermillion counties. Its 
eastern boundary seems to agree essentially with the state line, 
and its western with the eastern side of Ford county. The 
area is approximately 1200 square miles. 

Its general surface may be described as a level prairie slop- 
ing gently to the north with an average inclination of about 
three feet to the mile, and diversified here and there by ridges 
and groups of low hills evidently left as moraines by the re- 
treating Lake Michigan glacier. The southernmost of these 
runs eastward fronr Rantoul, following closely the line of the 
narrow guage railroad. 

The entire area is covered by a mass of drift varying in thick- 
ness from seventeen feet, seven miles north of St. Anne in 
Kankakee county, to more than three hundred feet in central 
and southern Iroquois county. 

Records of borings and cuts, show that this drift is made up 
of a tough blue clay, which encloses here and there elongated 
masses of sand and gravel varying from a few inches to more 
than twenty feet in thickness. These sand beds are always 
surrounded by a layer of closer grained, more impervious clay 
called hardpan by the well borers, and are always water bear- 
ing. 

In the more elevated portions of the area, no flowing wells, 
80 far as I am able to find, have been obtained, but between 
and around these at lower levels many wells have been struck 
from which water can be made to flow above the surface to a 
hight which varies from a few inches to four feet, the usual 
limit. In two instances only that have come to my knowledge 
did the water rise to the hight of ten feet. One of these was 
at LaHogue near the Ford county line and the other that east 
of Penfield just over in Vermillion county. 

The depth of the wells varies from five feet to over two hun- 
dred and seems to be entirely independent of surface elevation. 
At LaHogue the well mentioned above is ninety feet deep, 
while at Oilman, whose elevation is fifteen feet less, the wells 
are usually from one hundred to one hundred and twenty feet, 
and a few miles farther east, where the surface is twelve feet 
lower still, they are only sixty feet deep. Then again at Buck- 
ley, twelve miles south of Oilman and forty-five feet higher, the 
usual depth is only five feet. As a further illustration, two 
wells were bored not far from Oilman, one of which reached 
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flowing water at the depth of thirty-seven feet, while the other, 
only a few rods distant and on about the same level, only found 
it at a depth of one hundred and eighteen. 

At several places in the county, there appear to be two ar- 
tesian horizons, but on the other hand the presence of a flow- 
ing well is nowhere a guaranty that another can be struck even 
at a few rods distance. Dry holes or ''pump wells" are com- 
mon result of borings in all parts of the county. A farmer 
near Penfield in Champaign county has five flowing wells, in 
one of which water was found at forty-five feet, and again at 
one hundred and fifty-eight, the water rising about two feet 
above the surface each time, while a number of his neighbors 
have bored with no success. 

Several theories have })een advanced to account for the 
presence of artesian water in this district, of which I shall only 
notice three. The first, and perhaps the most plausible is that 
the prolongation of the Oregon-LaSalle fault permits the rise 
of water from the St. Peter sandstone. In answer I would call 
attention to the fact that the fault disappears a few miles south 
of LaSalle and its further course, or continuance even, is pure- 
ly hypothetical ; that the point near LaSalle at which this sand- 
stone outcrops is several feet below the lowest point in this 
district ; that south south-east of the outcrop this formation 
dips rapidly under the great synclinal of central and south- 
eastern Illinois. The deep borings at Chatsworth and Paxton 
both made at some distance from the supposed course of the 
fault on its upthrow side failing to disclose its presence at a 
depth»exceeding one thousand feet, and that even if the St. 
Peter sandstone was so situated as to make it a possible 
source of water the character of the drift material and the pe- 
culiar distribution of its water-bearing pockets would make it 
impossible that they could draw their water from it. 

A second theory looks on lake Michigan as a probable 
source of the water, but the entire area lies from sixty to two 
hundred feet above the level of the lake. 

A like answer can be given to the theory that regards the 
Kankakee swamps as the source. 

The facts given above would seem to warrant the following 
conclusions : 

The Lake Michigan glacier in its backward and forward 
movements, caused by alternating series of cold and warm 
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seasons, built up as its ground moraine the immense mass of 
drift which, as we have seen, covers the whole area, and the 
ponds and streams arising from it at each recession assorted 
and deposited long lines of sand and gravel, of variousbreadth 
and thickness, having a small dip away from the higher por- 
tions, as it has been observed these patches actually do have. 
These in turn would be covered and others formed above them ; 
and in this way the whole mass would be built up. The low 
dip would give to these lines of sand and gravel a broad out- 
crop near the higher portions and at the same time would 
carry it rapidly below the surface ; a dip of one degree equals 
92 feet per mile, so it is evident that even a much smaller dip 
than that indicated would carry the sand beds down to the 
level at which we find them, within a comparatively short dis- 
tance from the highlands. 

We believe then that the water-bearing sands derive their 
supply from the broad area which they expose among the hills, 
that the water is kept within them as in a pocket by the all but 
impervious layer of hard pan; and that when this is penetra- 
ted at a point where the surface is lower than the catch basin 
we have all the requirements for an artesian flow. The distri- 
bution of these bands through the drift will explain the occur- 
rence of dry wells, of two or more water-bearing strata in a 
single well ; of the variation in the depth of wells in the same 
neighborhood, and of the differences in head which the wells 
show. 

THE NON-FELDSPATHIC INTRUSIVE ROCKS OF MARY- 
LAND AND THE COURSE OF THEIR ALTERATION. 

By George H. Williams. 
Ist Paper. 

The Original Rocks. 

(Published by pcrmissiou of the Director of the U. S. Geological Survey.) 
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Occnrrence and Assofiation, The seventeen hundred square 
miles which compose the Piedmont plain or area of crystalline 
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rocks in Maryland is divided by its watershed, known as Parr's 
Ridge, into two distinct regions. Of these, the more western 
is occupied mainly with chloritic and sericitic schists contain- 
ing intercalated beds of limestone. This region is throughout 
noticeably free from intrusive rocks of any kind, and in this 
particular it presents a marked contrast to the more highly 
crystalline gneisses and marbles of the eastern part of the 
Piedmont area. These are interrupted by large masses of 
igneous rocks which possess a considerable variety and repre- 
rent three distinct types. These three types, in order of their 
succession, are as follows : 

1. The plagioclase or gahhro type. This is the oldest as well 
as the most extensive of the three. It embraces hypersthene- 
gabbro and diorite, with from 44 to 48 per cent, of silica, a 
moderate amount of alkali and considerable alumnia. 

2. The non-feldspathlc or magnesian type. This is closely re- 
lated to the first type but is of less extent. It embraces ser- 
pentines and associated steatitic and hornblendic rocks, 
together with the pyroxene and olivine masses, free from feld- 
spar, from which these have been derived. They are all very 
rich in magnesia but almost devoid of both alumnia and alkali. 

3. The orthodase or granitic type, quite distinct from the 
other two. These rocks are richest in silica, alumnia and 
alkali, and embrace granite, granite-porphyry, felsite (micro- 
granite) and pegmatite. 

All of these massive rocks, with the exception of certain of 
the granites, exhibit the effects of dynamo-metamorphism, 
which has altered both their structure and mineral composition. 

The members of the first type, together with their alteration- 
products, have already been described by the writer in a 
memoir' which also contains a brief description of the non- 
feldspathic rocks. 

The members of the third or granitic type are reserved for 
future study and description, although they have already 
been brought into prominence by Dr. W. H. Hobbs, on account 
of the allanite surrounded by a regular growth of epidote which 
they contain as an essential constituent.^ 

*The Gabbros and associated Hornblende Rocks occurring in the 
neighborhood of Baltimore, Md. Bulletin of the U. S. Geol. Survey 
No. 2H, Washington. 1886, 

^Johns Hopkins University Circulars No. 65, Apr., 1888. Am. Jour. 
Science (iii) vol. 38 p. 223, Tschermak's Min. und Petr. Mittheilungen 
XI, p. 1, 1889. 
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Relation to the Serpentines. The serpentines of Maryland 
have long been known on account of the chromite they con- 
tain. They stretch in a series of lenticular and irregularly 
elongated areas along the Maryland and Pennsylvania state 
line on the northern border of Cecil county, whence they follow 
the great westward bend in the Appalachians through Harford 
and a part of Baltimore counties, and then turn to a south- 
westward direction along the eastern base of Parr's Ridge 
through a part of Baltimore and across Howard and Mont- 
gomery counties to the Potomac . 

While by no means regular in their distribution, these ser- 
pentine areas lie for the most part on the west and northwest 
side of the gabbros. This fact is not without significance 
when taken in connection with the westerly or northwesterly 
dip of the crystalline schists, as indicating that the non-feld- 
spathic eruptives and their alteration products are younger than 
the gabbros — a result which is quite in accord with all obser- 
vations made on the field relations of these rocks where they 
occur together. 

The serpentines of Maryland, as well as the extensive horn- 
blendic and steatitic masses with which they are intimately 
connected, are plainly of secondary origin. They have all been 
produced by the alteration of what were once basic eruptive 
rocks, devoid of feldspar, which are still to be foimd in an 
almost unchanged condition. From these original rocks the 
serpentines and their associates can be traced through every 
intermediate stage so as to leave no doubt as to the exact 
course of their alteration. 

Character of the Original Non-feldspathic Rocks. The original 
rocks from which the Maryland serpentines and their associ- 
ates have been derived belong to two distinct, but closely 
related groups. The members of both of these groups are 
alike in being too poor in alumina to produce any feldspar, 
while the mineralogical differences which divide them are 
mainly due to the smaller or larger percent of silica that they 
contain. 

The rocks of the group poorest in silica (40-44%) are richest 
in magnesia and are characterized by olivine as an essential 
constituent. They are therefore representatives of the class 
Peridotite ; and, according to their greater or less proportions 
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of lime, they form diallage-bronzite peridotites (Lherzo- 
lite), or bronzite peridotites (Harzburgite). 

The members of the second group, with from 52 to bo% of 
silica, are too acid to allow of the formation of olivine, and are 
therefore composed altogether of pyroxene. To this group we 
may apply the class name, Pyroxenite. These rocks exhibit 
the same variations in their proportions of lime as the mem- 
bers of the first group ; and this gives rise to diallage-bronzite 
and pure bronzite aggregates which are etiuivalent to olivine- 
free Iherzolites and harzburgites respectively. 

In their distribution, in the occurrence of every intermediate 
form, and in the similarity of their alterations, these two 
groups are so closely related that it is impossible to regard 
them as anything but mineralogical facies of a single magma. 
Nevertheless, their extremes represent two petrographically 
distinct and well characterized types, which must be described 
before attempting to trace out their relationships. 

I. The Pyroxenc-olivine Bocks — Peridotites. This type is 
much less common than the pyroxenite ; not perhaps because 
it was originally less extensively developed, but rather because 
it is more subject to alteration, since olivine is a less stable 
compound under present conditions than pyroxene. Indeed, 
in even the freshest peridotite specimens obtainable, this con- 
stituent, olivine, is partially transformed to serpentine, 
although not to an extent which disguises the original struct- 
ure or character of the rock. 

The Maryland peridotites have been already described 
by the writer in a former paper.' Their most remarkable 
feature is their porphyritic structure, which is shown 
in Fig. 1, PI. II. The groundmasB appears in a hand 
specimen homogeneous, compact, and of a greenish black 
color, but under the microscope is seen to be wholly com- 
posed of small olivine grains, more or less completely changed 
to serpentine. Cores of the unaltered mineral frequently oc- 
cupy the central portions of the grains ; and are connected 
by the anastomosing network of serpentine and magnetite, 
which has resulted from the partial alteration of the oli- 
vine. In this groundmass are imbedded the distinctly por- 
phyritic crystals of pyroxene in which the process of serpen- 
tinization is far less advanced than in the olivine. This 

'Bull. U. S. Geol. Survey, No. 28, pp. 50-55. 1886. 
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structure indicates that the olivine is the youngest of the 
original minerals, and it seems therefore opposed to the rule, 
given by Rosenbusch^ and others, that, in eruptive rocks, the 
order of crystallization is in inverse order of acidity, the most 
basic constituent forming first, etc. The porphyritic structure 
is always noticeable in the Maryland peridotites, but is much 
more pronounced in some cases than in others, owing to the 
larger size of the pyroxene crystals. 

In these peridotites the pyroxenic component is always, 
wholly or in part, broazite. With this is frequently associated 
diallagef which in some instances exceeds the bronzite in 
amount. The only other original constituent present is magne- 
tite, except in those varietes where the development of a little 
basic feldspar produces a transition to olivine-gabbro. 

In composition these peridotites are ultra-basic fcrro-mag- 
nesian silicates, with a minimum amount of alumina. Their 
two varieties — olivine-bronzite aggregates(Saxonite, Harzburg 
ite) and olivine-bronzite-diallage aggregates (Lherzolite), are 
produced by the relative proportions of lime present in the 
crystallizing magma; and hence, as mineralogical facies of 
the same mass, merge imperceptibly into one another. An- 
alyses of two specimens are here given. I shows the com- 
position of a typical porphyritic lherzolite, from Johnny 
Cake road, Baltimore county, (No. 174) as determined })y 
Mr. T. M. Chatard of the U. S. Geological Survey. This is the 
rock represented in Fig. 1. II is the analysis of afeldspathic 
lherzolite from a dike exposed on the Western Maryland 
railroad near Pikesville, Baltimore county, (No. 54). It was 
made by Dr. Leroy McCay of Princeton College. 

I. II. 

SiOa 43.87 41.00 

Ti O 1*> ■• 

Or 26, 44 

r G 2 *J 3 • . • * • ^. t/() .....•••• o> t'tj 

MnO 10 tr. 

CaO 6.2<) 10.08 

MgO 27.32 23.59 

Xa,0 50 52 

Ignition. . . 8.72 jll,0 4.73» g 35 
(C()'» 3.62f 

Sp. gr. 3.022. 100.63 101.74 Sp. gr. 2.989. 

^Nenes Jahrb. fi'ir Min., etc., 1882, 11, p. 8, 
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In both of these rocks the presence of diallage manifests 
itself in the amount of lime which the analysis shows. In the 
second, the presence of the basic feldspar (anorthite) is indi- 
cated by the greatly increased percentages of both alumina 
and lime. The loss by ignition shows a large amount of water, 
indicating serpentinization of the olivine; and also, in the 
second instance, the carbon-dioxide proves extensive carboni- 
zation of the feldspar and diallage. 

II. The Pure Pyroxc7i^ Rocks — Pyroxcnites, The masses of 
plutonic rocks composed wholly of pyroxene, which are so 
abundant in Maryland and from which the steatites and possi- 
bly some of the serpentines have been derived, are even better 
worthy of description than the peridotites. This is, 1st, be- 
cause they represent, in typical and extensive development, an 
important group of igneous rocks which has not heretofore 
received its due recognition ; and 2d, because the abundance 
of material in all states of preservation permits of the trac- 
ing out of the course of their alteration. 

The pure pyroxene rocks of Maryland exhibit two well 
marked types, of which the darker and heavier is somewhat the 
more basic and richer in iron. This is composed of bronzite or 
hypersthene and diallage, while the lighter and more acid type is 
made up of the same orthorhombic pyroxene and diopside. 

The first of these two types, or the hypersthene-diallage rock, 
is much the more common and has a specific grauty of 3.32. 
Much of this rock presents an evenly granular texture, both of 
its constituents being present in allotriomorphous individ- 
uals from one to two millimeters in diameter. Only in the 
thinnest flakes are the colors of these minerals visible to the 
naked eye. Under the microscope the rock presents a pleasing 
contrast of red and green ; the diallage remaining always of 
the latter color, while the strongly pleochroic hypersthene 
changes from one to the other as the stage is rotated. The 
mineral composition of this rock is monotonous in its sim- 
plicity. With the exception of an occasional speck of opaque 
iron ore no trace of any other constituent is present. The two 
pyroxenes seem to be about equal in amount, as gauged by a 
microscopic examination, but the following analysis (ni) of a 
representative specimen from the Johnny Cake road, by Mr. 
J. E. Whitfield of the U. S. Geological Survey, indicates a 
slight excess of diallage. 
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III. 

SiOj 50.80 

AljOj 3.40 

CT2O3 0.32 

FeaOs 1.39 

FeO 8.11 

MnO 0.17 

CaO 12.31 

MgO 22.77 

NaaO tr 

K2O tr 

H2O (red heat) 0.52 
CI 0.24 

100.03 

Sp. gr. 3.318 

The microscopic appearance of this rock is represented 
(though of necessity very imperfectly without the use of 
color) in Fig.2,Pl.II. The two constituents do not differ mater- 
ially in the depth of their color, but in the figure the hyper- 
Bthene is shaded somewhat darker to distinguish it from the 
diallage. It is rare that either component of this rock exhib- 
its any trace of crystal form, but when such is present it always 
belongs to the hypersthene, indicating that of the two, this 
mineral is slightly the older. 

The type of rock here described is not uncommon at many 
localites near Baltimore, but it is to be found in its freshest 
and finest development along the Johnny Cake road, one mile 
east of the Patapsco river, and along Gwynn's Falls south of 
the road leading west from Pikesville Station. At the latter 
locality the rock often has an extremely coarse grain and it not 
infrequently contains porphyritic crystals of orthorhombic py- 
roxene an inch or two in length. 

The second and more striking type of the Maryland pyrox- 
enite is considerably poorer in iron, and hence lighter both in 
weight and color than the rock just described. Even in hand- 
specimens the two pyroxenic constituents present that con- 
trast of color which in the former type is observable only in a 
thin section. The orthorhombic mineral is reddish brown 
while the monoclinic one is emerald green. The grain is in 
the main even, although a porphyritic development of the 
bronzite is sometimes observable. The cohesion between the 
grains is so slight that perfectly fresh specimens may some- 
times be rubbed to powder in the fingers. This, together with 
the size of the individuals, renders the separation of the two 
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constituents easy, even without the aid of a heavy solution. 

The best locality for unaltered specimens of this rock is 
near Hebbville P. 0., on the Windsor road, about six miles 
west of Baltimore. 

The following analyses (rv and v) of two samples of this 
rock are by Dr. T. M. Chatard of the U. S. Geological Survey, 
while under vi and vii the composition of each of the two 
minerals composing rock v is given according to the same 
analyst. 

IV. V. VI. VII. 

m \J 2 ...... Oo.V/O ••••...• O^iOO •••«... Q4«Do 01..vH/ 

A. 1 v^ 2*****> v.l-O. ....•*. vf»X4<><>.... ^~~~*^ •••....•• U.XO 

Al12 ^-^ 3 • • > • • A aO^ •..•.... a^./X. ••..... J. t/O ■•••..••• ^.^X 

^'1^2^/3 U.Oo • ....... U.'i'x. . I . . . • . U.OU. .....••• U-DX 

FeO 3.90 4.90 8.92 3.50 

V/& \J . • • • «.AO«4/** • • • ••• XO-O^^ •••• •• mm ^wO>«a« •••• • ^\j m%t\j 

MgO 22.59 20.39 29.51 17.76 

jt^^O jundeterm.l .... 0.27 2ZI ZII 

xj. 2 vx .•.••. V/.oO ....••.• X »\JXf ....... X.XrK>>>....>> v/.V/O 

P-'O* tr tr. tr. 



Total, 100.39 100.52 100.56 98.84 

Sp.gr. 3.301 3.304 3.300 3.308 

The two seperate analyses vi and vn enable us to determine 
quantitatively the mineralogical composition of this rock, since 
the microscopical examination shows that it contains no com- 
ponents other than the two pyroxenes. In the specimen from 
• which the material was separated, the ratio of orthorhombic to 
monoclinic pyroxene is one to three, as is shown by analysis 
V ; but this proportion varies in other specimens, as may be 
seen from analysis iv, which indicates relatively more of the 
orthorhombic mineral. 

Analysis vi is that of a typical hronzite, and the same miner- 
al is indicated by all of the optical properties of the reddish- 
brown constituent. 

The emerald green pyroxene, whose composition is given in 
analysis VII, is monoclinic, with an extinction angle on the 
clinopinacoid, 6 : jc, of 40°. It is to be designated as diopside, 
rather than diallage, since it is translucent and devoid of a 
pinacoidal parting. This mineral eeems to agree in all res- 
pects with the chrome-diopside of the Iherzolites and other 

olivine rocks, as may be seen by comparing its analysis with 
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those of Damour, Oebbecke, Farsky, Cossa and Heddle, ({Uot- 
ted by Teall (British Petrography, p. 89.)' 

The extremely friable nature of this rock renders the prep- 
aration of thin sections difficult. Nevertheless its two compo- 
nents may be easily separated and studied independently. The 
structure is almost always granular ; but whenever it is at all 
porphyritic, the bronzite is the older constituent, so that if 
correlated with the porphyritic peridotites above described? 
the diopside supplies the place of the olivine groundmass. 
This change is produced by an increase of the silica while the 
proportion of alumina remains too low to allow the formation 
of feldspar. 

Occurrence of Pyroxenite outside of Maryland, Observations 
are not lacking which indicate that massive pyroxenites of 
both the types here described from Baltimore county, are ex- 
tensively developed and widely distributed through the crys- 
talline areas of the eastern United States, although our present 
knowledge hardly indicates what their real importance is. 

Rocks of the first type, or bronzite-diallage aggregates, have 
been traced by the writer through Harford county, Md., in 
close connection with the serpentine of that district. Profess- 
or F. D. Chester has also recently described them as associat- 
ed with, and giving rise to many of the state line serpentines 
of Cecil county, Md., and Chester and Lancaster counties, Pa.^ 
It has also been long recognized that many other serpentines 
of Pennsylvania have originated from the alteration of pure 
pyroxene rocks, especially cnstatite and bronzite aggregates. 

Pyroxenites of the second type, bronzite-diopsidc aggregates, 
are known in the south, and the writer gladly avails himself 
of the kind permission of Mr. Geo. P. Merrill of the U. S. 
National Museum to describe in this connection certain very 
beautiful rocks of this type which he collected near Webster, 
N. C. They are abundantly exposed at this locality and form 
a member of the corundum-bearing dunite series which ex- 
tends through North Carolina and Georgia. The specimens 
received from Mr. Merrill are, like the Hebbville, Md., rock, 
composed entirely of bronzite and a light emerald green mon- 
oclinic pyroxene, but they are more acid and richer in mag- 

•8ee also the analysis by Player of a chrome diopside from the Lizard 
gabbros, published by Teall, Miner. Mag. viii, p. 116, 1888. 

'Annual Report of the Geological Survey of Pennsylvania for 1887, 
p. 95. 1889. 



44 The American Geologist. July, law 

nesia than their Maryland equivalents, as may be seen from 

the following analysis (vni) by E. A. Schneider of the U. S. 

Geological Survey. 

VIII. 

SiOj 55.14 

AI2O3 0.()6 

CrgOs 0.25 

FOaOa 3.48 

FeO 4.73 

MnO 0.03 

Ca 8.39 

MgO 26.66 

NazO 0.30 

H2O 0.38 

P2O5 0.23 

Total 100.25 

The base of this rock is a saccharoidal and easily pulver- 
ent aggregate of brilliant green diopside grains, through which 
are distributed large and somewhat rounded crystals of a pale 
brown bronzite, whose diameter is from one to three millime- 
ters. The relative amount of bronzite is quite variable, even 
in the same hand specimens, as it shows a tendency to con- 
centration in nests or bands, but the porphyritic structure of 
the rocks is nevertheless very pronounced, and there can be 
no doubt that the bronzite is decidedly the older of the two 
constituents. 

The specimens obtained by Mr. Merrill from Webster are 
such admirable representatives of the bronzite-diopside rocks 
that the name Webstei'ite is suggested as a suitable designation 
for them ; and there seems to be no impropriety in extending 
this term over all the massive intrusives which are composed 
entirely of monoclinic and orthorhombic pyroxene.^ 

'The rocks from Hebbville, Md., and Webster, N. C, find their 
foreign equivalents in the well known pyroxenite of Russdorf and 
Mohsdorf in Saxony. These were described by Dathe is 1876 as 
Ensiatit'olivin-feU (Neues Jahrbuch fiir Min., etc., 1876, p. 233,) but he 
subsequently discovered that the mineral which he considered to be 
olivine was m reality a pale green pyroxene (diopside) and he there- 
fore designated the rock as Pyroa:en^(5f«, (Neues Jahrbuch fiir Min., 
etc., 1883, II, p. 89.) Kalkowsky calls the same rock Enstaiit-pyroxen- 
it (Elem. d. Lithologie, p. 235, 1886.) It was also upon Dathe's earlier 
description of this occurrence that Wadsworth based his name Saxoniie 
for an olivine-bronzite aggregate (Lithological Studies, p. 125, 1884), 
which was not accepted by Rosenbusch for this reason (Massige Ge- 
steine, 2d Ed., p. 267.) As referring to rocks so much like these here 
described from Maryland and North Carolina, Wadsworth's name 
might be revived for this type, but as its use in a new sense could only 
result in further confusion, it seems better to propose a wholly new 
designation. (See next page.) 
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Other plutonic rocks containing neither feldspar nor olivine, 
which may therefore be properly classed as pyroxenites 
although they do not belong to either of the two types here 
described from Maryland, have been mentioned by Hunt^ from 
Rougement and Montarville, Canada, and by Dana® and the 
writer'" from near Peekskill on the Hudson. Similar masses 
composed of intensely pleochroic rhombic pyroxene (ambly- 
Btegite), hornblende and biotite were found by Teall" in the 
Hebredean gneiss of northern Scotland, while Hatch*^ reports 
hypersthene-diallage "rocks from Madagascar. Prof. F. W. 
Hutton'^ in his recent paper on the Eruptive rocks of New 
Zealand describes as pyroxenites an enstatite-diallage rock 
forming a dike in the serpentine of the Dun mountain ; a 
hornblende-biotite rock from Dusky sound and a chlorite 
biotite rock from Martinis bay. 

On the iLse of th^ name Pyroxenite, The undoubledly wide dis- 
tribution of igneous rocks free from both feldspar and olivine, 
suggests the necessity of establishing a class designation, co- 
ordinate with the name Peridotite given by Rosenbusch to the 
corresponding oli vine-bearing series, and, like this, capable of 
subdivision into types. For such generic use the term, Pyrox- 
enite, is in all respects the most desirable, although it has 
already been employed as a petrographical name in at least 
four distinct senses. It is my hope to be able to show that its 
use as a designation for any rocks except those of igneous 
origin which are devoid of any feldspathic or olivine constitu- 
ents should be abandoned. 

The name pyroxenite was first used by Dr. T. Sterry Hunt,'^ 
who applied it both to intrusive rocks composed mostly of 
pyroxene, like those of Rougemont and Montarville, and to 
the more or less massive beds or nests of pyroxene so often 

'Serpentine which appear to have originated from pure pyroxene rocks 
have also been described by Drasche from Carinthia, Tvrol and from 
Ireland (Tschm. Min. Mitth., i, 10, 1871) ; by Berwerth from Italy (ib. 
IV, 238, 1876) ; by Becke from Greece (Tschm. Min.Petr.Mitth., i,461, 
1878); by Eichstadt from Sweden (Geol. Foren. Forh., vii, p. o33, 
1884); and by Hosenbusch from Baden (Massige Gest., 2d Ed., p. 
276, 1885). 

•"Geology of Canada, p. 667, 1873. 

•Am. Jour. Science, (in), vol. 20 p. 199. 

*°Am. Jour. Science, (in), vol. 33, p. 194, March, 1887. 

"British Petrographv, pp. 71 and 84, 1888. 

"Quart. Jour. Geol. §oc., vol. 44, p. 345, May, 1889. 

"Roy. Soc, New South Wales, p. 153, Aug. 7, 1889. 

'*Geology of Canada, 1863, p. 667. 
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intercalated in the Archean limestones of New York and Cana- 
da/^ Between these two groups, genetically so distinct, no 
sharp line has ever been drawn. In their text-books, Kal- 
kowsky'^ and J. D. Dana" designate as pyroxenite any rock 
composed wholly or largely of pyroxene, without regard to its 
origin. 

Among the Canadian geologists the term has gradually 
come to stand almost altogether for the pyroxenic nests or 
beds in crystalline limestone which contain a great variety of 
other minerals,"* and have genetically no connection with the 
Maryland pyroxene rocks. 

Among French authors the use of the term pyroxenite, is 
again (^uite different and includes members of the crystalline 
schists which are not wholly or even principally composed of 
pyroxene. Thus de Lapparent says : *'Les Pyroxenites sont 
des roches de plagioclase et dc pyroxene, qui ferment des 
couches de quelques centimetres jusqu 'A plusieurs metres rdgu- 
li^Tcment interstratifiees dans les gneiss."''^ In his recent 
valuable paper on the "Pyroxenites of the Islands of Morbi- 
han,"^" Prof. Ch. Barrois describes beds of gneissic rock con- 
taining besides malacolite and diallage, quartz, feldspar, garnet, 
idocrase, zircon, sphene, rutile, apatite, etc. These alternate 
with layers of fibrolitic mica-schists and are regarded by the 
author as extremely metamorphosed calcareous beds of a 
sedimentary series. They are quite identical with the pyrox- 
ene-gneiss of Roguedas in Brittany, mentioned by Cross.'' 
Messrs. Lacroix and Baret describes as jnjroxenite dinerntirite a 
gneissic rock composed of scapolite, pyroxene, sphene and 

^^Catalogue of the Canadian Rocks at the London Exhibition, 1802; 
and Geological Survey of Canada, Report for 180,3-66, pp. 185 and 226. 

"Elemente der Lithologie, pp. 231-235, 1886. 

^'Manual of Mineralogy and Petrography, p. 488, 1887. 

^'^McFarlane : Geol. Surv. Can., Report 1803-66, p. 95. 

Harrinjjton : ib. 1877-8, Appendix G., p. 2. 

Adams and Lawson : Canadian Record of Science, 1888, p. 188. 

To this class also belong the well-known Malacolithfels of Rochlitz 
in Boliemia ; the Erlanfels of Saxony ; and the remarkable diopside 
nodules which alter to serpentine in the limestone of Montville, N. J, 
(vid. G. P. Merrill : Proc. U. S. Nat. Mus., 1888, p. 105.) 

^^Traite de G^ologie, Ist Ed., p. 620, 1888. 

-"Les Pyroxenites des lies du Morbihan. Ann. Soc. G6ol. du Nord, 
vol. XV., pp. ()9-90, 1887-8. 

^•Tschermak^s Min. Petr. Mitth., vol. in, p. 372, 1881. 
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some secondary oligoclase, occurring as a member of the crys- 
talline series near Saint Nazaire, France." 

Rocks of this kind would be called by German and English 
petrographers, axtgitc gneias, and it is a pleasure to see that in 
his most recent work on rocks of this kind, Lacroix has con- 
formed to this usage.'^ 

Finally the name pyroxenite has been temporally employed 

in still a fourth sense to indicate certain recent volcanic rocks. 

Zujovics( or Jouyovitch)^^ and Doelter" both proposed to use 

it in this way; but they subsequently substituted augitite tor 

it upon discovering the many senses in which pyroxenite had 

already been employed.^*^ 
If the Canadian use of the name pyroxenite for aggregated 

nests in crystalline limestone be abandoned, as the French 
employment of the same term for augite gneiss, and the Ger- 
man use for certain basic volcanic rocks practically have 
been, we shall then have two parallel series of non-feldspathic 
plutonic rocks, the one free from and the other containing 
olivine, which may be further subdivided as follows : — 

CJKOrP OF THE NOX-FELDSrATHIC MASSIVE ROCKS. 

I. PLUTONIC. 



Olivine-bearing, 



PERIDOTITE(Ro8eiibiiscb, 1S77) PYROXENITE (Hunt, 1S()2.) 

1. Plcrito. (Tscherraak, 186(i) laugiU'. 



Olivine-free, 



2. Wehrlite, (v. Kobell. 1838) dlaUage. 

« jSaxouitc.Wadsworth, 1884) | ^^RffltitP 
■*■ /Harzbiirgite.(Ro8tMibu8ch,V>);i enfiiante. 



4. BuchnerTto,(WadH\vorth. 1884) 

5. Lherzolite,(de la Motherie,) 

6. Hornblende-Picrite, (Bouney, 

18SI) (Cortlandtlte) 

7. Scyelite, (Jiidd, 1885) 



CD8tatite & augite. 

cnatatite&diHllage 

borDblcndet!;: aug- 
ite. 

hr>rob1ende & mi- 
ca. 

chromlto. 



Diallagite. 
jBronzitite. 
iHypersthenite. 

Websterite, (Williams, 181)0) 
Horubleudlte, (Dana, 18»0) 

(Teall'8 north of Scotland 

] rock.s(?) 

(Hutton'8 New Zealand rock. 



8. Dunite, (v. Hochstetter, 1859) 

II. VOLCANIC. 

Limburgitxj, (Rosenbuach. 1872) I I Augitite, (Doelter, 1882) 

Magma-basalt, (Boricky, 1873) | | 

Gradation of the Mnn/land Fyroxenites into other Roek typen. 
The bronzite-diallage rocks, which form the types of pyroxen- 
ite prevalent in Maryland, can be traced by insensible grada- 

^^Bull. de la See. Fr. de Mineralogie, vol. x, p. 288, 1887^ 
•^Ib. vol. XII, p. 83, 1889. 

'*Note sur les roches (^ruptives et metamorphiques des Andes. Bel- 
grade, 1880. 

*^Ueber Pyroxenite, ein neues basaltisches Gestein. Verb. k. k. geol. 
Reichsanst, 1882, p. 140, and Die Vulkane der Cap Verden, p. 137, 1882. 

'•"Les roches des CordilU-res, Paris, 1884, p. 38-30. 

cf . also Rosenbsnch : Mass. Gest. 2d Ed. p. 813, 1885. 
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tions into other rock types. Their close relationship to the 
peridotites has already heen alluded to, and they appear to be 
intermediate, both in occurrence and composition, between 
these rocks and the more abundant hypersthene-gabbros. 

If we take the composition of the pyroxenites as shown in 
analysis iii and iv as a starting point, three distinct lines of 
variation may be plainly traced by an abundance of interme- 
diate types. These are produced by changes in the amounts 
of one of the three constituents, silica, lime and alumina, as 
follows : — loss of silica produces olivine and makes a Ihcrzolite; 
loss of lime obliterates the diallage and makes a hronzitite; gain 
of alumina produces feldspar and makes a hypcrsthenc'gahhro. 

Simultaneous disturbance of the relative proportions of two 
of these constituents produces intermediate types, whose rela- 
tions may be seen from the following diagram : 




Any of these types might with equal right be taken as a 
starting point. Together they form a connected series, which 
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represents the variously differentiated facies of a single mag- 
ma. Such a magma probably continued to furnish, through 
a long period, eruptive material, while it was itself undergo- 
ing local changes in chemical constitution ; or else successive 
eruptions occurred from a magma which was itself never 
chemically homogeneous. Such a union of several petro- 
graphical types into a geological unit mass is the rule rather 
than the exception in eruptive areas. It is illustrated in even 
greater variety in the "Cortlandt Series," near Pekskill, N. Y.,^' 
where, as in the neighborhood of Baltimore, certain well- 
marked types prevail, which are connected by every conceiv- 
able intermediate form. 

In a later paper the writer hopes to trace out chemically and 
microscopically the course of alteration whereby the Mary- 
land pyroxenites are transformed into serpentinous, horn- 
blendic and steatitic masses. 

Petroqraphicctl Laboratory of the John$ Hopkins University , 
Baltimore, April, 1890, 



ICE CLIFFS ON KOWAK RIVER, ALASKA, OBSERVED BY 

LIEUT. CANTWELL. 

By Israel C. Kussell. 
U. S. Geological Survey, Washtogton, D. C. 

In a recent report of a cruise of the U. S. Revenue Marine 
steamer "Corwin,"* there is an interesting narrative by Lieut. 
John C. Cantwell, of a boat journey up the Kowak river, 
Alaska. In this narrative there is a brief account of remark- 
able ice clififs forming the river's bank, of the same general 
character as the ice cliffs at Elephant point, on Eschschlotz 
bay, several accounts of which have been published.^ Four 

"Am. Jour. Science, (in) vol. 35, p. 447, Jane, 1888. 

'Report of the cruise of the Revenue Marine- steamer '*Corwin" in 
the Arctic Ocean in the year 1885. By Capt. M. A. Healy, U. S. K. M. 
Commander. Waahington, 1887, 49th Congress, Ist Session, House 
of Representatives, Ex. Doc. No. 153, 4to, pp. 1-102, 2 maps and 42 
plates. 

'Descriptions of this locality may be found in the following books : 

Otto von Kotzebue : A voyage of discovery into the South sea and 
Behring's straits, for the purpose of exploring a northeast passage. 
Undertaken in the years 1815-1818. London, 1821, 8vo, vol. i, pp. 
219-220. (See next page.) 
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illustrations of the ice cliffs are presented, which represent 
them as bold, angular bluffs, rising directly from the river to 
a uniform hight, and covered with a layer of soil in which 
forest trees grow. The cliffs are in reality the eroded border 
of a forest-covered plateau, under which ice takes the place of 
rock. The character of the surface of this plateau is described 
by Lieut. Cantwell as follows :' 

"Climbing to the top of one of these ice-cliffs, Mr. Townsend 
and I pushed our way through the dense thickets of willow 
and luxuriant growth of grass into the interior for about one 
mile, where we found a shallow lake about a mile in diameter, 
and which I have no doubt had its origin in the mass of ice 
over which we had been traveling. It is almost inconceivable 
how such a rank vegetation can be sustained under such con- 
ditions. If we stood in one place any length of time, the spongy 
moss became saturated, and soon a pool of dark-colored water 
made our position untenable. Besides the moss, berries, and 
stunted willows, clusters of spruce trees, some measuring 6 and 
8 inches in diameter, have taken root and grown in the thin 
strata of soil overlying the ice." 

Being anxious to obtain a more detailed description of this 
interesting deposit, I addressed a letter to Lieut. Cantwell, in- 
dicating the facts would be of geological interest, and was 
favored Avith the reply given below. This information was 
requested for publication in a paper on the surface geology of 
Alaska, but owing to delay in the mails, it did not arrive in 
time to be used in that connection, and is here puV)lished in 
order that the interesting observations it contains may not 
be lost. 

Captain Beethey : A narrative of the voyage and travels of Captain 
Becchov, R. N., F. R. S., &c., to tho Pacific and Behring's straits; 
perfornied in the years 1825, '*-*(), '27 and '28. London, 8vo, pp. 372-377. 

^y. H. Dall : Extract from a report to C. P. Patterson, [On Coast 
Sarvev work in Alaska.] Am. Jour. 8ci., 3rd ser., vol. 21, 1881, pp. 
lOn-100. 

C. L. Hooper: Report of the cruise of the \J. S. Reveuue-stoamor 
Corwin in the Arctic ocean [in 1880.] Treasury Department, Washing- 
ing, ISSl.Svo, pp. 24-25. 

C. L. Hooper: Report of the cruise of the U. S. Revenue-steamer 
Thomas Corwin, in the Arctic ocean, 1881. Treasury Department, 
Washington, 1884, 4to, pp. 70-81, PI. op. p. 80. 

W. II. Dall : Glaciation in Alaska. Bull. Philosophical Societv of 
Washington, vol. 6, 1884, pp. 33-36. 

''Loc. Cit. pp. 48-49. 
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U. S. REVENUE MARINE STEAMER CORWIN. 

AstQria, Oregon, March 28th, 1890. 

Sir : — During the summer of 1884, 1 was detailed by captain 
M. A. Healy, Com'gthe U. S. steamer "Corwin," to take charge 
of a small party sent out from that vessel for the purpose of 
exploring the Kowak river, a stream which had hitnerto been 
unknown, except through native reports and from superficial 
examinations of its mouth by occasional visiting ships. The 
river takes its rise in a system of lakes situated in the north- 
west part of Alaska, flows in a westerly direction and empties 
into Hotham inlet which is an arm of the Kotzebue sound. 
Its course throughout is within the Arctic circle and is very 
tortuous in the vicinity of its delta. The river is navigal)le 
for a distance of about 376 miles. Beyond this point the chan- 
nel is obstructed by rapids and contracted by many small 
islands and gravel beds. At two points before reaching the 
head-waters of the stream, we encountered gorges where the 
width of the stream scarcely exceeds twenty yards and where 
the channel was filled with rough bowlders. The current at 
these points was so strong that we were compelled to portage 
our small boats. 

Some seventy or eighty miles from the mouth of the river is 
where we first observed the ice-cliffs mentioned in my official 
report. At this point the cliff's were from 125 to 150 feet high, 
gradually decreasing in hight as we noted their recurrence on 
our way up stream, until they had entirely disappeared when 
we had reached the foot-hills of the first chain of mountains 
through which the river flows. The topography of the Kowak 
valley in the vicinity of the ice-clifi^s is characterized by un- 
dulating tundra plains, varied by patches of small spruce 
timber which, as a general rule, was most abundant along the 
banks of the stream. The most remarkable example of this 
curious formation is the first series of ice-cliff's seen on the 
iourney up stream. Here, as before stated, the cliff's are not 
less than 125 feet high and abut directly on the river. For 
about a mile, there is exposed to view a solid mass of ice, 
superposed by a layer of soft earth forming a uniform thick- 
ness of about six feet. The surface of the soil is covered by a 
dense growth of moss and sphagnum. The timber growing 
over the ice is as heavy as that found anvwhere else in the 
vicinity, being from four to eight inches in diameter and from 
twenty to forty feet high. The exposed face of the cliff* is 
broken into a thousand fantastic snapes by the combined 
action of sun and rain, and the lower portion is hollowed out 
and curved by the constant erosion of the stream. 

In color, the cliff^s are dark brown, varied by grayish spots 
where pieces of ice have recently been detached. The ice is 
not clear, and must have been formed from water holding in 
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solution a large quantity of earthy matter. There is no appa- 
rent stratification. A small piece which I obtained and melted 
showed a residum composed largely of fine dust, moss and 
unrecognizable vegetable matter. No gravel was seen either 
in specimens examined or anywhere along the base of the 
clifl's. The shore line in front of the cliSs was marked by an 
accumulation of soft, almost impalpable dust, piled in heaps 
to a hight of fifteen or twenty feet. The dust piles were evi- 
dently the result of the melting of the ice during the summer 
season, as the annual spring freshets caused by the melting 
snow on the mountains sweep everything movable before them. 

My first impression was that the ice-cliffs were formed by 
drift ice brought down by the river and forced into the soft 
soil, but further observations caused me to reject this theory 
as untenable. In the first place, the ice is solid, without crease 
or fracture from top to bottom j and, again, there are numer- 
ous high sand and clay cliffs abutting on the river in situations 
exactly similar with reference to the current to those occupied 
by the ice-cliff*s, in which not a particle of ice is to be seen. 
All of the ice-cliffs are located on the left or south bank of the 
river and appear and disappear as the course of the stream 
approaches or recedes from an imaginary straight line joining 
them. It is a somewhat remarkable fact that if this line 
should be extended to the coast, it would pass through the 
ice-cliffs visible on the shores of Eschscholtz bay. 

The query arises, may this not be an old glacier which has 
been buried beneath the deposits of a more recent inundation? 

The ice-cliffs can be reached from Kotzebue sound by a 
party going up the Kowak in a steam launch, in two or tHree 
(lays. It is to be hoped that an effort will be made to send 
some one competent to make a full investigation of this curi- 
ous formation, north for that purpose, in some public vessel 
cruising in the vicinity. 

Very respectfully, 

J. C. Cantwell, 
2nd Lieutenant, U. S. R. M. 



REVIEW OF RECENT GEOLOGICAL LITERATURE, 

La Periods Glaciairey Hudih principalement en France et en Suisse. 
Par A. Falsax. 3G4 pages, with a map of the Quaternary glaciers of 
France, a profile of the ancient glacier of the Rhone, and 105 cuts in 
the text. Paris : Felix Alcan, 108, Boulevard Saint-Germain. 1889. 

The excellent work of M. Falsan several years ago on the drift for- 
mation and the ancient glaciers of the central portion of the basin of 
the Khone, prepared him well for reviewing in this treatise the history 
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of the Ice age in France and Switzerland, the action of ice in erosion, 
transportation, deposition, and the causes of this uniqne geologic 
period. Apparently at the same time with the accumulation of the 
great ice-sheet of northwestern Europe, deep and broad ice-streams 
poured downward from the Alps to the vicinity of Strasbourg on the 
north and to Lyons on the west; while the Pyrenees, the mountains 
of Auvergne, of the Morvan, and the Vosges, nourished glaciers similar 
to those which remain in the Alps at the present day. The traces of 
the ancient glaciation of these districts, their moraines and other 
glacial and alluvial deposits, the loess, and especially notable erratic 
blocks or boulders, are interestingly described, with numerous illustra- 
tions from photographs. For the greater part of France the glacial 
period was characterized by abundant rainfall with no permanent accu- 
mulations of snow and ice ; the^f auna included the mammoth and rein- 
deer and with them primitive man is known to have been a witness of the 
climatic vicissitudes of the growth, culmination, and departure of the 
vast Quaternary glaciers, but the author believes that no proofs of 
greater antiquity of our race have yet been discovered. 

Much attention is given to the progress and changes in opinions in 
explanation of the facts observed, from the times of DeSaussure, £lie 
de Beaumont, Playfair, Charpentier, and Agassiz, to the present gen- 
eral assent accorded to the theory of land-ice as the drift-forming 
agency, first understood in the Alps and thence extended to explain 
the drift of continental areas. The deep lakes bordering the Alps are 
attributed to orographic movements, but glacial erosion has produced 
small mountain tarns. Fjords, however, seem to have been channel- 
led by streams before the Ice age, instead of being orogenic fractures, 
as they are regarded by this author. After noticing Boucheporn's 
suggestion of displacement of the earth's axis as the cause of glacia- 
tion in what are now temperate latitudes, and Dr. Croll's theory of its 
dependence on eccentricity of the earth's orbit, both of which are 
thought to lack sufiicient support, M. Falsan concludes that an elev- 
ation of the mountains above their present bight was the chief ele- 
ment inducing the formation of the great Quatenary glaciers; and 
from his study in the Rhone basin he finds evidence of only one glacial 
epoch, biit this included various phases of retreat and re-advance of the 
ice, by which stratified and sometimes fossiliferous beds came to be 
intercalated between unstratified formations of glacial origin. 

Nearly the same opinions on the cause and the unity of this period 
are held by Prof. G. F. Wright in his work on "The Ice Age in North 
America." which was published almost simultaneously with this vol- 
ume. But if there were in some regions two distinct glacial epochs, 
separated by a long interval of warm or temperate climate, as many 
geologists believe to be proved for other alpine districts, for Great 
Britan, Bavaria, and North America, the repetition of ice-accumulations 
is ascribed by M. Falsan to repeated uplifts of the land, which, as 
suggested also by Upham, were not probably synchronous for all 



54 ^ The American Oeologist July, i89o 

glaciated countries. What the elaborate treatises of Geikie, Falsan^ 
and Wright have done for the Ice age in Scotland, France, and the 
United States, it now becomes very desirable that others should sup- 
ply in similar form, attractive to ordinary readers, for its extensive 
and very important records in Germany, Scandinavia, and Canada. 
Tourists visiting the French side of the Alps or Pyreenes should not 
fail to read M. Falsan's book, a duodecimo of the '*Biblioth^ue 
Scientifique Internationale ;'' and it will be found a most valuable 
hand-book for glacialists everywhere. 

Quaternary Hiitory of If ono ValUy, California. By Israel C. Russ- 
ell. Pages 261-394; plates xvi — xliv; and 12 figures in the text. (Ac- 
companying the eighth annual report of the director of the CJ. S. Geo- 
logical Survey.) 

The reader is very agreeably introduced to the district described in this 
memoir and becomes acquainted w^ith its principal topographic features 
and present climatic and physical conditions as a section of the arid 
and most desert regions of the Great Basin, bounded on the west by the 
High Sierra, and learns the outlines of its geologic structure and his- 
tory, while crossing the Mono basin in an imaginary ride with the author 
on his explorations and ascending with him to the summit of Mt. Dana 
on the Sierra water-shed, eight miles distant from lake Mono, above 
which it rises 0,610 feet, to a hight 12,990 feet above the sea. Aside 
from the scientific value of this work, Mr. Russell has succeeded in telling 
his observations and conclusions with charming literary skill We 
almost share with him the exhilaration of field-work, study, and dis- 
covery ; and numerous maps, sections, and illustrations of scenery, but 
especially the textual description, bring the region clearly and vividly 
into comprehensive view. 

Lake Mono has a rudely circular outline, with a maximum diameter 
of 14 miles, an average depth of about 60 feet, and a maximum depth 
of 152 feet. It has no outlets and its waters are strongly alkaline. 
Above the present lake, distinct evidences of its expansion and higher 
levels during the Quaternary era are shown by terraces, shore cliffs, 
beach ridges of gravel and sand, and delta deposits. The highest beach, 
varying slightly from its original horizontality, is 670 to 710 feet above 
the level of the lake in 1883 ; but at that hight the lake still lacked 
about 100 feet of reaching to the lowest points of the water-shed, 
where it would have overflowed either eastward or northward. Only 
about twenty-five miles distant to the north, the southern extremity 
of the many-armed lake Lahontan stood, at its highest level, about 
2,700 feet below the Quaternary lake Mono, and thence stretched 250 
miles northward, itself also without outlet. 

The history of lake Lahontan, previously studied by Mr. Russell, 
finds many close analogies in that of lake Mono, especially in the 
abundant chemical deposits of lithoid tufa, dendritic tufa, and thinolite, 
all being calcium carbonate, which frequently form crags, columns, 
and tower-like masses both above and beneath the present surface of 
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the lake. It is shown that the formation of the crags and columnar 
trunks the latter sometimes resembling a forest of gnarled trunks and 
stumps changed to stone, commenced with the deposition of porous 
and tabular lithoid tufa from the waters of sub-lacustral springe, and 
that the cones and tubular masses thus formed were subsequently en- 
veloped in sheathings of the dendritic, thinolitic, and lithoid varieties, 
precipitated from the lake waters. Careful investigation, however, 
has not yet determined **why at one time the tufa should have a 
beautifully dendritic structure, at another time form regular and sym- 
metric crystals, and still again be a structureless stony mass, each de- 
posit having the same composition and being evidently formed from 
the same solution.'' 

Glaciers of great extent covered the Sierra Nevada excepting its high- 
est sharp peaks and ridges, and flowed down the lateral canons heap- 
ing great morainal embankments along their sides and on the broad 
lower slopes, terminating below the highest Mono beach. Their max- 
imum extension preceded the highest level of the lake, which proba- 
bly marked a time of rapid melting of the snow and ico on the mount- 
ains. There were at least two epochs of glacial extension, besides 
many minor fluctuations ; and what may be termed an interglacial 
epoch is recorded in the sediments of the ancient lake by an accumul- 
ation of gravel separating two heavy deposits of lacustral sediments. 

Volcanic action has been displayed on a grand scale in the Mono 
basin since the high water stage of the lake which followed the max- 
imum extension of the Sierra Nevada glaciers. Some of these points 
of recent eruption are situated on the islands of the lake, others lie 
beneath its surface, and still others are found on the southern portion 
of the basin, where they form part^of a range of volcanic cones known 
as the Mono Craters, which in greater part, however, seems to be of 
earlier Quaternary age. Beginning less than a mile from the shore of 
the lake, the Mono Craters extend in a crescentic belt to the southeast 
and south about eight miles, rising (^^O to 2,750 feet above the lafee 
level. All the cones of the range are largely built of lapilli, which 
have a light gray tint and form smooth, even slopes about the vents 
from which they were ejected. Interbedded with these accumulations 
of volcanic rock fragments are thick sheets of black obsidian that flow- 
ed in various directions from vents, usually near the crest of the range. 

**0 wing to the viscid character of the lava at the time of its extru- 
sion, it formed thick sheets which terminated on their lower margins 
in precipices two or three hundred feet high. The contrast here pre- 
sented by esentially the same rock under diflferent conditions of extru- 
sion can scarcely be surpassed. The lapilli are loose, vesicular, 
incoherent, and light-colored, and form smooth, curved slopes of great 
regularity and beauty ; the obsidian is compact, dense, black in color, 
massive in appearance, and the surface is broken into huge angular 
blocks thrown together in the utmost confusion. 

Reviewing the climatic changes indicated by lakes Mono, Lahontan, 
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and Bonneville, the author concludes that the early Quaternary was 
a long-continued period of aridity, and that this was followed by a time 
of relatively great but not excessive humidity, during which a large 
number of the enclosed basins of the region became flooded, though 
many of them were not raised so high as to overflow. Then followed 
an interlacustral epoch of low water, doubtless coinciding with the 
principal interglacial epoch, when many, if not all, of these basins 
were completely desiccated. A 'second maximum of lake extension 
followed this arid epoch and was succeeded by another era of desicca- 
tion of great intensity, during which and probably not more than three 
hundred years ago the lakes of the Lahontan basin were evaporated to 
dryness. Recently a gradual change to a more humid climate brought 
abont the conditions now characteristic of the arid regions of the West ; 
and Mr. Russell thinks that this latest change has not yet culminated, 
and that increased humidity in the Great Basin may be expected in 
the future. 

On certain Devonian plants from Scotland. By Sir J. Wm. Dawson. 
(Nature, April 10, 1890.) 

This communication enumerates several species of fossil plants from 
Perthshire and Caithness, Scotland. The most abundant species is 
Psilophyton princeps Dn. and then P. rohustius Dn. and Arthrostigma 
gracile Dn. These species constitute a flora which is identical with that 
of the lower division of the Gaspe sandstones of Canada. The Caith- 
ness slabs contain Cordaites angustifolia Dn., Which is also found in 
the Devonian of Canada. The Pertlishire plants were noticed in 
Geikie's 'Text-book of Geology,'' 1882. p. 708, where a good figure of 
Psilophyton rohuslius Dn. is given, which shows the fruiting. The 
paper is interesting since it is one of ' the few cases in which pre-Car- 
boniferous plants can be used for correlating approximately the stra- 
tigraphy of two widely separated sections. 

The Mammalia of the Uinta Formation. By William B. Scott and 
Henry F. Osborn. (Trans. Amer. Phil. Soc, Phila., vol. xvi, part 
iii, 1890, pp. 4(U-572.) 

Prof. Scott contributes part i, **The Geological and Faunal Relations 
of the I'inta Formation, ''in which he discusses the stratigraphical and 
paheontologieal relations of the various groups of this formation. In 
partii, "The Creodonta, Rodentia and Artiodactyla," he gives some 
clear and valuable descriptions of the various genera and species from 
the Uinta; the rodent Plesiarctomys sciuroides S & O, a species much 
inferior to P. delicatissimus, is described from well preserved skull, 
lower jaw and limb bones. In the artiodactyla. Prof. Scott and 
Osborn's genus Leptotragulus (L. proavus) is treated at length and its 
systematic position defined. This genus is regarded as the forerunner 
of Pnhrothtrium. Prof. Scott thinks Uomaeodon is the direct ancester 
of Leptotragulus. The former has been placed by Marsh (Am. J. Sci. 
14, 337) with Helohyus in the family Helohydix against which Prof. 
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Scott protests with apparently very good reasons. A lengthy discus- 
sion of 17 pages is given to Protoreodon S & O. In part iii, Prof. Osborn 
describes the utter confusion brought about by the useless attempts to 
describe and work from brief descriptions without the aid of plates or 
cuts. Upon investigation he has found the perissodactyla of this for- 
mation considerably mixed up, and it seems proper at this point to 
call attention to the necessity of ignoring to a certain extent brief des- 
criptions unless accompanied by plates or some other method of 
illustration. The family Arnyodontidse is discussed and a new species 
A, inUrmedium described and illustrated ; Diplacodorty IsectolophuSf 
Triplopus and Epihippus complete the part. The memoir is then con- 
cluded with an interesting paper by Prof. Osborn on "The Evolution 
of the Ungulate Foot,'' and some extremely interesting material is 
brought forward. Like all the papers from the Princeton Museum this 
exhibits the usual great care with which their subjects are treated. 
It is illustrated by well executed plates. 
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1. State and Government Reports. 

California state Mining Bureau. Wm. Irelan, Jr., state mineralogist. 
Ninth annual report, for the year 1889. 352 pp., octavo. Numerous 
half-tone plates, and other illustrations. Sacramento. 

Geological Survey of Texas. K. T. Dumble, state geologist. A pre- 
liminary annotated check-list of the Cretaceous invertebrate fossils of 
Texas. Bulletin No. 4. Robert T. Hill. 57 pp., 8vo. 

Geological Survey of Missouri. Arthur Winslow, state geologist. 
Bulletin No. 1 contains : Administrative report, Arthur Winslow ; 
The coal beds of Lafayette county, Arthur Winslow ; The building 
stones and clays of Iron, St. Francois and Madison counties, G. Fi. 
Ladd; The mineral waters of Saline county, A. E. Woodward; A pre- 
liminary catalogue of the fossils occurring in Missouri, E. Uambach. 

Revision of the genus Araucarioxylon of Kraus, with 'compiled des- 
criptions and partial synonymy of the species. F. H. Knowlton. U. S. 
Nat. Mus., vol XII, pp. 601-617. 

Notes on the serpentinous rocks of Essex county, N. Y. ; from Aque- 
duct shaft 26, New York city, and from near Easton, Pa. Geo. P. 
Merrill. U. S. Nat. Mus., vol. xii, pp. 595-600. 

Report of the U. S. Geographical Surveys west of the 100th 
meridian, in charge of Capt. Geo. M. Wheeler, vol. i. Geographical 
report, Washington, 1889. Quarto, pp. 780, 38 plates, 3 maps. 

2. Proceedings of Scientific Societies. 

The Journal Cin. Soc. Nat. Hist., April, 1890, contains : Description 
of some new genera and species of echinodermata from the Coal Meas- 
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nres and Sub-carbouiferoas rocks of Indiana, Missouri and Iowa, S. A. 
Miller and Wm. F. E. Gurley ; Description of a new species of gigantic 
beaver-like rodent (Castoroides georgiensis), Joseph Moore; A cave 
in the Clinton formation in Ohio, Jos. F. James. 

The Geological Society of America has issued the following portions 
of vol. I of its Bulletin : The value of the term *' Hudson River group" 
in geological nomenclature, C. D. Walcott; Some results of Archean 
studies, Alexander Winchell; Post-Tertiary deposits of Manitoba, J. 
B. Tyrrell; Sandstone dikes, J. S. Diller; Tertiary and Cretaceous 
deposits of eastern Massachusetts, N. S. Shaler; The stratigraphy of 
the "Quebec group,** R. W. Ells; Some additional evidences bearing 
on the interval between the glacial epochs, T. C. Chamberlin ; The 
Cuboides zone and its fauna, a discussion of methods of correlation, H. 
S. Williams; The Calciferous formation in the Champlain valley, 
Brainerd and Seely, with a supplement on the Fort Cassin rocks and 
their faunas, by R. P. Whitfield; Proceedings of the annual meeting 
held at New York, Dec. 26, 27 and 28, 1889, containing liberal abstracts 
of papers by Newberry (The Laramie group) ; Geo. H. Williams (Erup- 
tive serpentines at Syracuse, N. Y.) ; Clark (Tertiary deposits of the 
Cape Fear river region) ; McConnell (Glacial features of the Yukon 
and Mackenzie basins) ; Wright (Moraine of recession in Ontario) ; 
Mc^Gee (Appomattox formation) ; Geo. II. Williams (Petrographic ob- 
servations in Norway) ; David White (Cretaceous plants from Martha's 
Vineyard) ; Hitchcock (Oval granitoid areas in the Lower Laurentian) ; 
Emerson (Porphyritic and gneissoid granites in Massachusetts) ; 
Nason (Watchung traps of New Jersey) ; Upham (Fiords and lake 
basins as evidence of elevation and depression) ; McKellar (Pot-holes 
north of lake Superior) ; and the constitution, by-laws and names of 
the fellows of the society, the whole volume comprising 593 pages. 

Addendum to the minerals and mineral localities of North Carolina. 
Wm. Earl Hidden (Jour. Elisha Mitchell Sci. Soc, Chapel Hill, N. C, 
vol. VI, part II). 

Appalachia, vol. vi, No. 1 contains : The cliff-dwellings of the Man- 
cos canons, Frederick H. Chapin; Some Adirondack paths, Frank W. 
Freeborn ; The Madison boulder, W. 0. Crosby. 

3. Papers in Scientific Journals. 

Am, Jour. Sci.y May No. Elementary proof of the Earth's rigidity, 
G. F. Becker ; Hornblende of St. Lawrence county, N. Y., Geo. H. Wil- 
liams ; Note on some secondary minerals of the ami)hibole and pyrox- 
ene groups, Whitman Cross ; Spangolite, a new copper mineral, S. L. 
Penfield ; Archean axes of eastern North America, J. D. Dana ; Meta- 
morphic series of southeastern New York, F. J. H. Merrill; Meteoric 
iron from North Carolina, L. G. Eakins; Distinctive characters of the 
order Hallopoda, and additional characters of the Ceratopsidre, with 
notice of new Cretaceous dinosaurs, 0. C. Marsh. June No. Ham- 
linite, a new mineral. Hidden and Penfield ; Notice of new Tertiary 
mammals, 0. C. Marsh. 
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6. Scientific Laboratories and Museums. 

Third annual geological expedition into southern Maryland and Vir- 
ginia. Wm. B. Clark. (From Johns Hopkins University Circulars, 
No. 81). 

On the Cheyenne sandstone and the Neocomian Shales of Kansas. 
F. W. Cragin. (Bui. Wash. Col. Lab. vol. 2, No. 2). 

On some occurrences of Ottrelite and ilmenite schist in New England. 
J. E. Wolff. (Bnl. Mus. Comp. Zool. Geol. Ser., vol. 2). 



CORRESPONDENCE. 



Some Further Corrections of "North American Geology and 
Pal.eontolog y . * ' 

In accordance with a suggestion in your correspondence of April 
I send some further corrections of the above work, relating to the 
Rugose Corals. The lists of species in this group give evidence of 
thorough and careful research and form a valuable addition to the li- 
brary and laboratory. The generic descriptions, however, are rather 
too brief to be of much working value to one not already acquainted 
with their characteristics. What is sadly needed in this branch of pal- 
aeontology is a thorough working over of the genera similar to that 
begun by Messrs Thompson and Nicholson and published some fifteen 
years ago. In addition to their brevity some of the generic descript- 
ions are misleading and a few entirely incorrect. 

In the American species of Acervulariathe position of the inner wall 
is generally indicated merely by a thickening of the septa about the 
central pit. A clintonensis, however, is described by Nicholson as 
having a distinct wall such as is found in a few of the European species 
of this genus. The septa generally are well developed though seldom 
reaching the center. 

Craspedophyllum is not a synonym for Heliophyllum. It was found- 
ed by Dybowski, in 1873, upon a specimen of Diphyphyllum archiaci 
Billings, from Columbus, Ohio; in a small pamphlet entitled, **Bes- 
chreibung einer neuen, aus Nordamerika stammenden, Devonischen 
Artder Loantharia Rugosa," St. Petersburg. The description was 
not inserted in his ** Monographic" published the same year but the 
genus was included in the classification and gave its name to the 
family including also Heliophyllum E. & H. and Atianthophyl- 
1am Dyb. Craspedophyllum is characterized (p. 10) by the narrow 
central, tabulate area separated from the broad, outer area by a heavy 
wall and the presence of carinse in the outer peripheral region. The 
Annals and Magazine of Natural History for Jan. 1878, (5th ser. vol. 
I, p. 44 etc.) contains an article by Prof. Nicholson **0n the minute 
structure of the corals of the Geneva Heliophyllum and Crepidophyl- 
lum." To this is subjoined the following foot-note, ''Descriptions of 
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the characters of Heliophyllam and Crepidophyllum formed part of a 
paper, by Mr. James Thompson and myself, which was laid before the 
Royal Society of Edinburgh in the session of 1875-76, and an abstract 
of which was published in the 'Proceedings,' vol. ix, No. 95, p. 149." 
The latter genus was founded upon some specimens from the Devon- 
ian of Canada, formerly referred by Nicholson to Heliophyllum (sub- 
csespitosum), and is identical with Craspedophyllum, which upon the 
most favorable consideration preceded it by two years. In the article 
above referred to Nicholson states (p. 49) **By Dybowski (Mon. der 
Zoanth. scler. rug. aus der silur. formation, etc., p. 83) the genus 
Heliophyllum is placed in a special family Craspedophyllidse along 
with two new genera Acanthophyllum and Craspedophyllum, the only 
character assigned to the family being that there is no accessory wall, 
that the septa are complete, and that the sides of the septa are sup- 
plied with lateral outgrowths." The portion of the classification of 
Dybowski referred to is here given. 

6. Family Craspedophyllidse. 

1. No accessory wall. Septa completely developed. 

' a Side faces of the septa supplied with 

lateral outgrowths. 

Genus, Heliophyllum E. & H. 

b Side faces of the septa supplied with 

thorny outgrowths. 

Genus, Acanthophyllum Dyb. 

2. An accessory wall present, only an outer series 

of septa existing. Side faces of the septa 
supplied with lateral outgrowths. 

Genus, Craspedophyllum Dyb. 

Prof. Nicholson seems to have entirely overlooked the second divis- 
ion of this family and to have })een ignorant of the original descrip. 
tion of tlie' genus, otherwise he would not have written, "In- 
deed I am not acquainted with any genus in which any close approxi- 
mation to the peculiar structure of the central portion of the corallum 
in Crepidophylluui, can be found. There is no other recorded genus 
in wliich the median portion of tlie central tabulate area is partitioned 
off by a distinct w^all, with which all the primary septa are connected 
directly and in which they terminate," The genus of Thompson and 
Nicholson must then be abandoned and Craspedophyllum retained 
with its two species, C. archiaci (Bill) Dyb. (not americanum) and C. 
subcjespitosum Nich. 

The genus Chonophyllum E. & H. has been especially unfortunate 
in its history, its structure being very generally misunderstood and 
species assigned to it which possess n« such structual affinities. It 
was founded in 1850 by Edwards and Haimc upon a specimen figured 
and described by Goldfuss, in 1826, as Cyathophyllum plicatum. In 
the same list of Cyathophylla, however, the German scientist had just 
described an entirely different coral under the same name. Perceiv- 
ing the duplication he afterwards changed the name of the former to 



Correspondence. 61 

perfoliatam. Conceived thus in error the genus has seemed ill-fated 
throughout it« historj. The original description must be considered 
largely responsible and this has unfortunately been given a new lease 
of life in Mr. Miller's work. The writer has in preparation a paper on 
this genus in which he hopes to make clearer its internal structure ; it 
is sufficient to state here that it is not made up of a series of invagin- 
ated cells, has no tabuke, the septa are not generally equally develop- 
ed, it has or had a wall and possesses a complete vesicular structure. 

Of the American species magnificum and ponderosum may be stated 
certainly to belong to this genus. Belli and vadum are doubtful in re- 
gard to their generic relations and must be compared with type struct- 
ures before they can positively be accepted. An examination of num- 
erous specimens of ellipticum has proven conclusively that they do 
not belong here ; their coarse, vesicular tissue and tabuUe give them 
structural relationship with Cyatho]>hyllum hough toni Rominger, as 
pointed out by this author. (Geol. Sur. of Mich. vol. iii, pt. ii, p. 105). 
Capax, with its concentric wrinkles and radiciform processes, deep 
fovea, and false columella, is removed with equal certainty from 
Chonophyllum, and sedaliense has nothing in its description or figure 
to suggest this genus, C. validum Hall must be an error of the com- 
piler. Its references belong to C. vadum Hall. 

Conophyllum Hall has not the relationship to the above genus that 
its name would seem to imply, or which Prof. Hall later supposed that 
it possessed. Its type species, C. niagarense Hall, has been correctly 
determined by Dr. Rominger to be a Cystiphyllum. (Geol. Sur. of 
Mich. vol. Ill, pt. II, p. 13S) The frequent rudimentary condition of 
the septa and the invaginated, blistered cells, shown in specimens 
from N. Y., Mich., Ind., and Iowa all attest the correctness of this 
judgment. It is especially unfortunate that Mr. Miller has figured 
this alone with which to represent Chonophyllum. 

There are a number of less important corrections that may be noted 
before closing ; — Zaphrentis cornicula is a well pronounced Heliophyl- 
lum ; Ptychophyllum should be credited simply to Edwards and Haime ; 
Syringopora? multicaulis Hall is shown by its well developed septa to 
be a Diphyphyllum— (See Geol. Sur. of Mich. vol. iii, pt. ii, p. 122) 
and Cyathophyllum helianthoides Goldf . is not synonymous with Hel- 
iophyllum halli E. 6l H. Specimens df the former from the Eifel show 
carinte in places but they are specially distinct from the latter. 

Will H. Sherzeb. 
QeoL Laboratory t University of Michigan^ April JS, 1890. 

Miller's North American Geology and Paleontology. — I would 
ask space in your journal for a plain statement of that which is in part 
personal to myself and in part relates to the work which I recently 
published under the name of the "North American Geology and Pala- 
ontology." Messrs. Dulau<fe Co. of London, England, ordered several 
copies of the book, and I took the liberty of sending an extra copy to 
that lK)ok-concern to be delivered to the Annals and Magazine of Natur- 
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al History, of London, for review. In the April number of that journal 
there appeared a false, malicious and libellous article, under cover of 
a review of the work. The journal was not sent to me, buti accidental- 
ly saw the article and at once wrot«a letter to the Annals and Magazine 
of Natural History, in care of Dulau & Co., who had delivered the book, 
which letter was returned to me with a refusal to publish it. I do not 
ask here to expose the cowardice of the anonymous libeller, or to make 
any criticisms upon the disingenuous management of the Annals and 
Magazine of Natural History, or its superviency to those nearest 
home, but I ask you to publish the letter I sent to that journal and ap- 
pend hereto, and on another occasion I will make known the motives 
that actuated the unwarranted attack, as I recognize the author as well 
by his feet tracks, as I would if his signature had appeared with the 
middle name at full length as usual. 

Cincinnati^ 0., May •J4th, JS90. S. A. Miller. 

CiNciXNATTi, Ohio, Apr. 28, 1890. 
Editors of AnnaU and Magazine of Natural History , London, England : — 

The April number of your journal, containing a re\iew ( ?) of my 
work on North American Geology and Paheontology fell into my hands 
to day, at the Public Library of this city. I think the reviewer, instead 
of being critical, has been intemperate and spiteful, and, though neith- 
er tlie name of the author nor his initials are made to appear, never- 
theless, I think he is the same individual with whom I ceased to 
correspond some years ago ; but whoever he may be, and whatever his 
motives may have been, he has certainly shown himself unacquainted 
with geology and palaeontology. 

The reviewer accuses me of "the hard pedantry of refusing initial 
capitals in specific names." The report on Zoological nomenclature 
to the American Association for the Advancement of Science, in 1877, 
page 32, contains the following language: *'It is probable that in all 
cases it would be better to commence the generic name with a capital, 
and a specific name with a small letter." I have followed this recom- 
mendation and so has nearly every American naturalist since that 
time, and I have given the reason for so doing on page 98 of my work. 

But beyond all this, it is the rule adopted, in 1842, by the British 
Association for the Advancement of Science, and is most emphatically 
adopted by the American Ornithologists Union, in its code of nomencla- 
ture of 1886, in these words : ** Specific names Bhonld always be written 
with a small initial letter, even when derived from persons or places, 
and generic names should always be written with a capital." 

He complains that I use only one letter "i" in the genitive masculine 
but, in that regard, I follow tlie rules of nomenclature of the American 
Association, as will l)e seen by referring to page 28 of the report. 
Again lie says, '*ign(»ring the masculine gender of the Latonizcd words 
cheilus or chilus, rhynchvs and phycus (in combination) because the 
Greek forms are neuter, is not good, even in the dog-Latin of modern 
naturalists." Prof. Lindstrom, in 1884, in his great work on the Si- 
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lurian Gastropoda made the genus OnychochihiB and the species 0. 
cochleatum and 0. reticulatum. Prof. Whiteaves, in 1S84, made Codon- 
ocheilus and C. striatum. Prof. Hall, in 1885, made ProrhynchuSj P. 
angulatumt P. nasutum and P. quadratum. Prof. Whitfield, in 1882, 
made Streptorhynchus cardinale, and in the Annual Rep. Geo. Sur. 
Wis. for 1877, page 50, he made Palxophycus plumostim. If this re- 
viewer is correct, Lindstrom, AVhiteaves, Hall, Whitfield and many 
others whom I might name are * 'illiterate amateurs," whose knowl- 
edge of Latin is not above the barking of a dog. It happens, however, 
they are distinguished naturalists, and some of them are distinguished 
linguists, and they have all conformed to the laws of language and the 
laws of nomenclature in the use of these words, for the rule is, the 
Greek word takes on only the form of the Latin language and retains 
the gender and meaning whii^h ])elong to it. I have followed the laws 
of nomenclature, and the practice of all scientific men of this country, 
and so far as I am advised the learned naturalists of other countries. 

I have before me Andrews' Latin Lexicon, published ])y Harper 
Brothers, New York, 1872. On page 46, '^aegilops^^ is defined as "X 
kind of oak with edible fruit {acorns) ^ Quercus aegilops^^^ and the palaeon- 
tologist who used the name for a species did so because his fossil was 
like an acorn. On page 170, ^'aucella^^iB defined as **A litle bird/* and 
no other definition is given, and it was used by the paheontolojrist, 
from a fancied resemblance of his fossil to a small bird. On pajjje 105, 
^'belhdus'^ is defined as ** pretty, elegant, lovely, beautiful,** and the name 
has been used in American pahoontology only in the sense of '^^ry 
pretty.-* On page 2()1, **cerasus'* is defined as **a cherry,** and the 
palaeontologist used the name **cerasiformis** because he thought his 
fossil was *^like a dried cherry** On page 811, 'Hnsectus** is defined as 
'^non sectus,** and the word when applied to a fossil has been used in 
the sense of ^* uncut.** On page 1523, ^Hemerarius** is defined as '^acci- 
dental, casual,** and it is only, in that sense the word is used in pahoon- 
tology. On page 1652 of Liddell and Scott's Greek-English Lexicon, 
published in 1872 by Harper Brothers, New York, one of the definitions 
of **cheilos** is **the edge,** and the palaeontologist who used '*dikrochei- 
lus** used it in the sense of ^Hwo edged** or ** having two edges.** 
*'Mnmmifonn** is defined in Webster's Unabridged Dictionary, as 
*^ resembling a mummy,** and ^*mumiformis** has been used as a specific 
name for a black, carbonaceous fossil whic^h the author fancied ** re- 
sembled a mummy.** 

A glossary is defined by Webster as *'A collection of glosses or expla- 
nations of the special meanings and difficult terms of a work,** and so far 
as I am able to discover the correct special meaning of each of the 
above words is given in my glossary. But your reviewer may say I 
have not accounted for all the errors he has found, that make him 
*^sorry for the amateurs.** Well, he has found some typographical 
errors that would be patent to the merest beginner, for instance, 
^'altilis'* means ^'fattened,** and the types have made it mean '[flatten- 
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ed,** and **vadosu9^* means *'full of ahalUms," and the printer read the 
two **IV» in the manuscript for a **d^* and thus printed ^'shadows** in- 
stead of *^8hallow8.** In this country, a pretended critic guilty of laying 
stress upon a transparent tjrpographical error would be regarded as 
having a mind too ^*8hallow*' to entitle him to any consideration. 
How about '^Turrilepas" not ^HurrilepazV* On page 257 of my work, 
the word **Lepas^^ is defined. On page 569, an accidental mistake of 
my own or of the printer exists, for the word is correctly defined, in 
the edition of my Catalogue of Palaeozoic Fossils, in 1877, and the 
meaning of the word has been well known to me as well as the fossils 
bearing the name for twenty years. How about '^Leperditiai*' There 
I made a mistake and the only one mentioned by the reviewer worthy 
of consideration. I never saw the memoir of Rouault, and never heard 
the proper name, Leperdit, until since the publication of my work, 
when Prof. Liudstrom, recognizing the difficulty of finding the special 
meaning of some technical names, very kindly gave me the informa- 
tion, by letter. 

The reviewer, however, reaches, the climax of his spite or ignorance, 
in the closing paragraph, when he says, *^Above all, gracilUts, a, urn, 
majus, a, wm, and minuSf a, um, tfie neuter comparative forms of gracil- 
ius, magnm and parvus. Had he given us also, plus, pla, plum, he would 
have made the series nearly complete. ^^ On page 952 of Andrews' Latin 
Lexicon, you will find ^^minus, a, ttm;" on page 916, you will find 
**majust a, um;** and on page 687, you will find *'gracilus, a, um.'* They 
are good latin words. Prof. Hall, in 1888, in Pal. N. Y. vol. 7, p. 34 
made '^Gomphoceras minum,** and I might point out where each of these 
words has been used by eminent paheontologists of this country, but 
there is no necessity for so doing, as I made a glossary for the purpose 
of indicating the special meaning the authors had intended to indicate, 
and not to criticise or belittle their taste, in the selection of names. 
Besides the tendency of naturalists is to retain names in spite of fault-s. 
'^Phis, pla, plum** is the Latin of the critic in question, and it will com- 
pare favorably with his knowledge of geology and palaeontology, and 
I doubt not with his other scientific attainments. 

Very Respectfully, 

S. A. Miller. 

Use of the terms Laurentian and Ciiimplain in Geology. In the 
April number of the American Geologist there is an article on the 
names Laurentian and Champlain to which some corrections and ad- 
ditions may be of use. At p. 179, Historie du Canada par F. X. Gar- 
neau, tome I, Quebec, 1846, we read: '*La chaine des Laurentides, 
montagnes qui apparent les eaux qui se vcrsent dans le St, Laurent 
de celles qui tombent dans la bale d' Hudson". And in a foot note after 
the word Hudson at p. 180, we read: **Cette chaine n* ayant pas de 
nom propre et reconnu, nous lui donnons celui de Laurentides, qui 
nous parait bien adapte a la situation de ces montagues qui suivent une 
direction parall^le au St. Laurent. 
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The first time the name was used in geology witli the signification 
attached to it by its originator, is at p. 18, A geological map of the United 
States and the British Provinces of North America, by Jules Marcou, Bos- 
ton, July, 1853, where we read : ''System of mountains, which I shall 
call, after the example of the author of the History of Canada, Mr. F.X. 
Gameau, the Lawrentine Mountains,** and at p. 67 **Lawrentine system — 
The granitic, syenitic and gneiss rocks, which make the foundation of 
the Lawrentine Mountains.'' 

Logan, one year and a half after the publication of my volume, in 
his Report of Progress for the year 1852'S, (Juebec, 1854, but not issued 
until April, 1855, speaks at p. 7 of "the metamorphic hills to which 
Mr. Garneau in his History of Canada has given the name of the Lau- 
rentides" ; and in the following page he uses the name of Laurentian 
series, directly below the Potsdam sandstone, without a single rock be- 
tween them, suppressing the 25 or 30,000 feet of strata found and de- 
scribed by Dr. Emmons, under the name of Taconic system. 

From these data and quotations, it is very clear that the proposition 
of my good friend Francois Xavier Garneau was unknown to all geolo- 
gists, until I pointed it out in July, 1853. 

On the 20th of November, 1850, Desor proposed, before the Boston 
Society of Natural History, to name some Quaternary marine shell de- 
posits the Laurentian, and the 19th of May, 1851, he gave more force to 
his proposition in publishing a paper with a section in the Bulletin of 
the Geological Society of France, vol. viii, pp. 420-423. He distinguished 
two terrains and called the marine shell deposits Laurentian or terrain 
Laurentien, because it is especially well developed in the basin of the 
St. Lawrence river. Logan in using Laurentian in 1855 for masses of 
crystalline rocks duplicated the name, and acted against the right of 
priority; notwithstanding his explanation that he took the name from 
the mountain chain of the Laurentides, and not from the valley of the 
St. Lawrence river. 

Champlain as a designation of the Quaternary clay of the same region 
and as a synonym of Laurentian is even more against all right of prior- 
ity and against all sound principles of nomenclature. As far back as 
1842, Dr. Emmons, the founder of the Lower Palajozoic classification 
and nomenclature, proposed the name Champlain to designate all the 
strata containing the second fauna, and the name of Champlain group 
or Champlain system has been used constantly ever since by almost all 
geologists, tlie Geological Survey of Canada included. The idea of 
proi)osing for the second fauna group of strata the name Ordovician as 
late as 1879, and to use it in America instead of Champlain is a rare 
example of passing over all right of priority, and of substituting fancy 
and caprice for rules used in natural history. But the return and en- 
forcement of right of priority in geological nomenclature and classifica- 
tion is certain one day or another, and the sooner the better, for there 
is actually a tendency to increase geographical names at such a rate, 
and confusion has already taken such proportions, that the constant 
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demand for explanation will force a return to the rules used in zoology 
and botany. Julbs Marcou. 

Cambridge t Mass., Aprils 1890, 

Some observations on natural casts op Crinotds and Blastoids 
from THE Burlington limestone. The Sub-carboniferous series of rocks 
of the Mississippi valley is a i)erfect storehouse of fossil Echinoderms, 
and fortunate is the naturalist whoso "lot has been cast" near such 
famous collecting ground as Burlington, Keokuk or LeGrande, Iowa ; 
Crawfordsville or Bono, Indiana. ; Chester or Warsaw, 111. ; Cowan, 
Tenn. ; Bowling Green, Ky., or Huntsville, Ala. 

To understand the ricliness of this fauna the collector has only to 
visit such collections as that of Messrs Wachsmuth and Springer at 
Burlington, la., or the state collection at Springfield 111. 

No other locality in the world has yielded such a richness of forms 
and species as Burlington, Iowa. It was here that many structural pe- 
culiarities of Crinoids were discovered or more perfectly understood, 
as we learn from the Illinois state reports on geology and palaeontol- 
ogy and the writings of Wachsmuth and Springer. 

In our collecting ground (Pike Co., Mo.) while the Lower Burling- 
ton limestone is represented by its usual thickness of thirty to fifty 
feet, the upper beds are but poorly represented by a few feet of lime- 
stone and lose cherts scattered over the hills and along the streams. 
Many of these cherts or fiints are rich in natural casts of crinoids and 
blastoids and furnish interesting collecting, especially interesting in 
the structural character of the specimens. 

Among some two thousand or more chert crinoids and blastoids in 
our collection are many beautiful and instructive natural casts of Strot- 
ocrinus, Actinocrinus and scores of other genera of crinoids. 

Among this material are specimens showing the socallcd internal 
convoluted digestive sack, the radiating tunnels beneath the vault with 
their accompanying ambulacral tubes, and many other vault features. 

As but few of these casts show the arms, columns or probosces at- 
tached, we conclude the movements of the water here were more violent 
then at Burlington, where such appendages are not so rare. 

Among the specimens with arms attached, only Eretinocrinus, Platy- 
crinus and Cyathocrinus have been found, two of the first named, two 
of the second and one of the third. 

Of a great many specimens of several species of Dichocrinus not one 
preserves the vault and this is a little surprising in as much as the re~ 
lated genus Platycrinus is represented in the collection by about twenty- 
five individuals of perfect bodies. However, we might say that, al- 
though Platycrinus is fairly plentiful, not one individual in twenty 
preserves the dome, while Dorycrinus, Agaricocrinus and Batocrinus, 
the most abundant forms in the cherts, are rarely without it. 

Less than one-fourth the examples of Actinocrinus, Physetocrinus 
and Strotocrinus preserve the ventral surface, while isolated domes 
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with the higher plates of the calyx of the two last named of the geuera 
are quite as common as lone calyces. 

Imperfect examples of Batocrinus and Eretinocrinus are generally 
specimens without the basal plates, only. Sometimes an individual 
has been injured about the base of the anal tube, but rarely. Imper- 
fect Dorycrini either want the basal plates or have suffered breaks in 
the vault at the spine bases or around the anal aperture. Ollacrinus 
and Rhodocrinus are rare in any condition. Usually as isolated 
calyces. Sacocrinus is rare and seldom has the vault in place. 

In a very few instances we have noticed remains of small radiating 
calyx tubes that were imbedded in the substance of the radial plates, 
and have traced them from the middle of the first radial to the arm 
bases, bifurcating with the plates. Similar rods on the ventral surface 
are not rare, but wo do not remember having seen any notice of these 
radial tubes in the calyx, by any writers on crinoids. Fragments of 
these tubes can be distinctly seen on a specimen of Physetocrinus in 
our collection. As these tubes, represented by delicate rods in the 
casts, were free their entire length, the slightest jar would usually de- 
stroy them and so not one cast in a thousand shows any traces of 
such vessels. 

Among blastoids, Pentre mites elongatus is the rarest with one ex- 
ception, a Troostocrinus ? represented by but one specimen in the col- 
lection. Of hundreds of examples of Granatocrinus norwoodi not one 
shows the central opening above closed by plates, while specimens of 
Schizoblastus sayi not unusually show this feature. 

Specimens of G. norwoodi often preserve the ambulacral rods but the 
jar in breaking the flints usually destroys them The preservation of 
these rods on S. sayi is much more rare. 

£>n many of the casts of blastoids the spiracles and hydrospires are 
well shown. No specimens of blastoids have been found with pinnies 
attached. 

We have one specimen of a Platycrinus which had a rather large 
anal opening entirely closed by minute plates. Perhaps it is an ab- 
normal feature. R. R. Rowley. 
Curry tnlle, Mo,, March, 1890, 

MoDiOLOPSis OBLONGA. In the May number of the Geologist, vol. 
V, p. 272, Mr. Ulrich describes a species with the above name. It is 
unfortunately pre-occupied, Mr. U. P. James having in 1882 proposed 
this name in place of M, sub-spaiulata which had been previously used 
by him, and which Hall had also used. (See "The Palseontologist,'' 
Sept. 12, 1882, p. 53). Joseph F. James. 

Washington, Z>. C, April S9, 1890, 
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PERSONAL AND SCIENTIFIC NEWS. 



Prop. J. W. Spencer, State Geologist of Georgia, who has 
been in England during the winter months, has returned, and 
has resumed his work. His address is Atlanta. 

The tiiirty-niiith meeting op the American Association 
POR THE Advancement OP Science will beheld at Indianapolis, 
Ind., begining August 19, 1890. Committees of the Inaiana 
Academy of Science, and of the citizens of Indianapolis are ac- 
tively engaged in the preliminaries of this session. The enthus- 
iasm which they manifest bespeaks a full and very satisfactory 
session. There will be, in connection with this session, the 
summer meeting of the Geological Society of America, in which 
the geologists of America are specially interested. Numer- 
ous important pai)ers will be presented. 

At a Recent Meeting op the Geological Society op Lon- 
don, Feb. 26, 1890, Dr. George J. Hinde exhibited specimens 
and miscroscopic sections of Radiolarian chert from the Ordo- 
vician strata (=Llandeilo-Caradoc) of the southern uplands of 
Scotland, in the counties of Lanarkshire and Peebleshire. The 
specimens were submitted to Dr. Hinde by B. W. Peach, Esq., 
of the Geological Survey of Scotland, for the purpose of as- 
certaining if the chert of this series resembled that of the Car- 
boniferous in being of organic origin. The microscopic sections 
show that the rock is filled with small spherical bodies that in 
many instances prove to be simple or concentric lattice-like 
shells, some with long radical spines, preciselv similar in 
character to the shells of recent and fossil Radiolaria, and it 
is probable that they may be included in the same genera with 
recent forms. This is the first definite notice of the presence 
of undoubted Radiolarians in palaeozoic strata. To rrof. H. 
A. Nicholson, of Aberdeen, belongs the credit of having first 
noticed the organisms in the chert ; but in his specimens only 
casts without structural characters were preserved, and they 
were conjectured to be Radiolarian, a conjecture which is now 
shown to be correct. In this notice we have quoted freely the 
language employed by Dr, Hinde in describing his remarkably 
interesting exhibit. 

Prof. O. A. Derby, so long director of the geological sub- 
section of the Brazilian National Museum at Rio de Janeiro, is 
no longer connected with that institution. He continues, 
however, in charge of the geographical and geological survey 
of Silo Paulo, which will enable him to still carry on his geo- 
logical work in Brazil. 

Lieut. A. W. Vogdes has been transferred from Fort 
Hamilton to Fort Canby, state of Washington. His P. 0. Ad- 
dress is Astoria, Oregon. 
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CHARLES ALBERT ASHBURNER.^ 

By Abthub Winslow, Jefferson City. 

Charles Albert Ashburner was born on February 9th, 1854; 
he died on December 24th, 1889. The time of birth, the time 
of death, these are the abcissee of man's activities on earth ; by 
the magnitude, by the qualities of his works are the ordinates 
measured ; the area thus limited expresses the value of the life ; 
the bounding curve, often irregular, is a function of many var- 
iables, but all are assignable to heriditary traits or to the con- 
ditions of life. The abcissae, the periods of activity, we can 
readily express in units of time ; but who can gauge the ordi- 
nates, the qualities of these acts? Infinite wisdom only. We 
can but surmise, can but express opinions, at best approxi- 
mate. Of values, the future is the best judge; for, in propor- 
tion as a man's character and work aifect the future, through 
the present, so should his value be measured. With us, the 
contemporaries, it rests, however, to hand down, to this tribu-^ 
nal of the future, accurate pictures of those who pass away ; 
pictures which shall be for ever inseparable from the works of 
those whom they represent; that future generations may know 
of what manner of man the work perishes, of what manner of 
man it endures forever. With this feeling is this sketch pre- 
pared, with this sense of the obligations involved ; prepared 

*For much of the matter contained in this sketch, the writer is in- 
debted to Mrs. Ashburner and to Mr. O. B* Harden, of Pittsburg, Pa. 
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by one who knew Mr. Ashburner first as a superior officer, 
later as a professional associate and friend. 

Beginning with the time of his birth, we will touch upon the 
epochs. To the bare narrative of facts we will add such sug- 
gestions, such interpretations and such illustrations as \vill, 
in our calm judgement, help to best picture the man, claiming 
for them only the recognition due every honest opinion, and 
resting confident in the belief that, in proportion as it is truth- 
ful will this picture live. 

Mr. Asburner's great grand-parents on both sides, came di- 
rectly to Philadelphia from England, about the time of the 
Revolution. His father was Algernon Eyre Ashburner, the 
mother Sarah [Blakiston] Ashburner, and he one of the nine 
children of whom only two are now living. Of what are recog- 
nized as English traits there seemed to be, however, no rem- 
nant left in Ashburner. On the contrary, his impulses, his 
mental attitude and his acts were typically American. He was 
of a nervous temperament, his action quick, his mind inventive 
and fertile in resources. How much of this was inherited, 
how much acquired, we cannot say. His education was en- 
tirely American. The early part was at Friends' Central 
School in Philadelphia, then at the High School of the same 
place and afterwards at the Towue Scientific School of the 
University of Pennsylvania. Of his career during these early 
years little is known to the writer. At the early age of sixteen, in 
September, 1870, he entered the University of Pennsylvania 
and was graduated in 1874, first in his class, as civil engineer* 
While at the University, a classmate writes : "I was early 
impressed with his mathematical ability, his determination to 
lead, and his energy in carrying that determination to a suc- 
cessful culmination." But, in addition to this success in his 
studies, he was further fortunate in drawing to himself, during 
his last college years, the interest and attachment of professor 
Lesley, who then occupied the chair of geology at the Univer- 
sity. How much of the shaping of Ashburner's career are we 
to attribute to this association? To this influence one natur- 
ally concludes, it was due that the career of the civil engineer 
was abandoned for that of the geologist. Thus, while an un- 
dergraduate, in 1872, he took part in a survey of the raft chan- 
nel of the Delaware river, between Easton and Trenton ; he 
was one of the organizers of the Engineer's Club of Philadel- 
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phia in 1873 ; further, upon graduation, he accepted a position 
on a light-house survey, under Gen. W. F. Reynolds and with 
professor Lewis M. Haupt. But, in the same year, on the or- 
ganization of the second geological survey of Pennsylvania, 
he seems more than ready to leave this work of the civil en- 
gineer to begin his life's work as a geologist, even as a volun- 
teer assistant on the survey. Thus early did this friendship of 
professor Lesley make itself felt, and it was ever after an im- 
portant factor in Mr. Ashburner's life ; a strong and sincere at- 
tachment which now expresses itself in beautiful, but pathetic 
words of grief for the departed pupil and friend. 

We can add nothing to what has already been written of the 
first years of his work on the Pennsylvania survey, of his work 
in Mifflin and Juniata counties in 1874, in the Aughwick valley 
and East Broad Top district in 1875, in McKean, Elk, Forest 
and Cameron counties in 1876. 

It was in the late summer of 1881 that we first met Mr. Ash- 
burner, at Wilkes Barre in the Wyoming valley, he, then, but 
recently married. The work of the survey of the anthracite 
regions was already planned in detail, branch offices were 
opened at Pottsville, Hazelton and at Wilkes Barre, and much 
progress had already been made. It was a time of buoyant 
moods with Ashbumer. He was under the exhilarating effects 
of the opening of a successful professional career. He gloried 
in his responsibilities and in the importance of the work en. 
trusted to him — he only twenty-seven years of age. To some 
he seemed over confident, enough to excite scepticism, while 
others would find cause to take slight offense. But there was 
no bad feeling, no real arrogance in his self reliance. 

From early in the year 1882, for over two years the writer 
was associated with Mr. Ashbumer in the work in the anthra- 
cite regions. Though not the first to use the contour method of 
illustrating under-ground structure, Ashburner seems to have 
been the first to use it extensively and his results are certainly 
unparalleled. And this very case of applying to so general an 
end a process which hitherto had been of such limited use, 
was an illustration of what was one of his characteristic traits, 
i. e. what has been called the "adaptive faculty", or the power 
of putting to their best uses, of extracting the full value of such 
means as were at his disposal. He was fertile in expedients. 
He was, perhaps, rather an organizer, a man of system, than a 
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brilliant generalizer. His methods were accurate, and he per- 
severingly attempted to perfect the details ; his work was well 
systematized and he drilled his forces admirably. Somewhat 
too much systematizing, too much drilling, we young men use 
to think, wishing youth-like, to be free from all restraint. We 
resented it at times, but, since, have appreciated more, that it 
was rather a striving with him to reach his ideal of the adjust- 
ment pf parts, than an arbitrary exercise of power. He was, 
himself, a most unremitting and persevering worker. His 
judgement of men, his power of reading character was good 
and hence his selection of assistants and his allotment of work 
were generally admirable ; and, as writes a critic, he had, to a 
marked degree, the ability of making the best possible use of 
this work. At one time we thought he did not properly appre- 
ciate our share in such, but have since had cause to modify 
this opinion. 

To his assistants he was most kind and cordial, encouraging 
them to develop the best that was in them, and, to his friend- 
ly interest in their careers and to his loyalty in after life, many 
can testify. But he was not what is called a **magnetic man ;" 
there were many who did not like him, though generally recog- 
nizing his ability ; his self-confidence was not alwa3's flattering 
to the self-esteem of others ; yet his versatility and informa- 
tion on a wide range of topics made him a most entertaining 
companion. That which was sterling in him did not show 
out on first and short acquaintance ; in fact it was years before 
the lovable and the cordial of his nature became apparent to 
some ; traits to which the warm expressions of many now pay 
eloquent tribute. 

The work in the anthracite regions and other duties con- 
nected with the Pennsylvania survey, occupied Mr. Ashburner 
until late in the year 1886. At this time he had held the posi- 
tion of first assistant geologist for over a year, having general 
supervision of all the oflBce and field work of the survey. 

After his resignation from the Pennsylvania survey, in 
1886' Mr. Ashburner went to Pittsburg to take the position of 
engineer and geologist with the Fuel Gas and Manufacturing 
Company, one of the associated Westinghouse companies. 

-For most of what follows relating to Mr. Ashburner's career in Pitts- 
burg and elsewhere, the writer is indebted to Mr. C. B. Harden of 
Pittsburg, for many years Mr. Ashburner' s friend and trusted assis- 
tant. 
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He continued in an advisory capacity with this company 
up to the time of his death, having reported upon and advised 
on the drilling of a large number of gas and oil properties. 
During this time he made a large number of reports for pri- 
vate interests, outside of his connection with the above com- 
pany ; for, having made the subject of the occurrence of oil 
and gas a special study, his services were much sought after. 

In September, 1888, he was elected general manager of the 
New York and Montana Mining and Milling Company, and 
retained that position until a month before his death. 

In the fall of 1888 he was commissioned, by Mr. George 
Westinghouse, Jr., to investigate and report upon a number of 
copper properties, and, after many negotiations and personal 
examinations, he purchased a large property in southern Ari- 
zona, and when the Duquesne Mining and Reduction Company 
was incorporated, in December, 1889, he was made Vice-Presi- 
dent and General Manager. 

On November 2nd, 1889, he left Pittsburg for the west for 
the purpose of starting mining operations, after having been 
delayed for several days on account of a cold which had clung 
to him after his return from a trip to Ottawa. This visit to 
the west was for the purpose of buying and transporting, 
twenty miles from a railroad line, boilers, engines, and every- 
thing necessary to inaugurate a new mining enterprise, and, 
as was his wont, he went at it in his enthusiastic way, and so 
overtaxed himself. But, little thinking of the approaching 
end, he writes from Tombstone, under date of November 20th, 
in glowing terms of his professional success and prospects, 
and concludes with the following words, which now sound 
most pathetic : "I hope some day I may be sufficiently well 
off to return to state geological work where my heart has 
always been." But soon after, on November 26th, he writes 
from Tucson that he has been much delayed during the week 
by a severe attack of sickness which prostrated him and which 
his physician thought might develop into mountain fever. 
After staying at Tucson a few days, he went to Wilcox to re- 
port on a gold and silver property, some thirty miles or more 
from the railroad, and he thought that the drive into the 
mountain would do him good ; but, on his return to Wilcox, 
feeling no better, and finding a message of solicitation from 
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home, he decided to return and not to go on to San Francisco 
as he contemplated. 

He returned home on December 9th, and on that day spent 
half an hour at the office. He was advised by his physician to 
remain at home, which he did, attending to business matters 
as they came up. On December 16th his condition became 
such, owing to Bright's disease, that he was compelled to take 
to his bed. Sick as he must then have been, however, it did 
not deprive him of his natural geniality and hopefulness 
for the future. Accepting, as he had, the responsibility 
of all that appertained to his new enterprise, he wanted his hand 
on the helm, to know that everything was going as it should 
in Arizona, and up to the day before he died be directed the 
affairs of the Duquesne Mining and Reduction Company; 
then he was induced by Mr. Westinghouse to give up all 
thoughts of business, and to try to get well. On that day he 
had written in pencil a letter of four pages to Arizona, and had 
directed everything preparatory to taking a rest and to getting 
well ; but the rest did not come in time. On the day before 
Christmas, after he had thought of and provided for his family 
and friends in the approaching Christmas festival, he passed 
away from his loved ones and those he esteemed as friends. 

In 1881 Mr. Ashburner married Roberta M. John of Potts- 
ville. It is in a man's home life that his true self is exhibited, 
and those who were permitted to cross the threshold, at once 
felt the genial influence of his home life. He idolized his wife 
and his two children, Elizabeth and Lesley, and no labor was 
too great or expense too much that might give them pleasure. 
His wife was a graduate of Wilson College, and her interest 
in and appreciation of scientific work must have aided him 
much in his work. 

Mr. Ashburner had taken three degrees in the University of 
Pennsylvania : B. S., M. S. and D. S. C. Of these he was most 
proud of the last. He took his honorary degree on June 5th, 
1889, and it is worthy of mention that he was the first gradu- 
ate of the University to receive this degree from the alma- 
mater, and that the original nomination came from the faculty, 
with whom he had pursued his undergraduate studies, and 
was cordially confirmed by the Board of Trustees who had 
personal knowledge of his work. 

He took charge of the collection of the coal statistics for 
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the United States Survey in 1885, and issued rtports for 1885, 
1886, 1887 and 1888. He took great pride in the collection of 
these statistics and the issuance of the reports, so much so, 
that the work was largely a labor of love. In August, 1889, 
he assumed charge of the collection of the coal statistics of 
Pennsylvania for the Eleventh Census, as special agent, and 
was engaged on this work at the time of his death. 

Mr. Ashburner was a member of Calvary Episcopalian 
church at East Liberty and a member of its brotherhood. Of 
him, a former rector writes : "One can never measure the in- 
fluence of such a life as his, full of active benefit to his fellow 
men in the world, doing his full duty as a scholar and man, 
honored for his ability and devotion to his secular work, and 
yet always bearing witness for his Lord and for his faith by the 
upright, loyal, christian character of his manhood." Further, 
writes another, and an intimate friend : "One of Charles Ash- 
burner's pet ideas was the harmony [or rather the identity] of 

true Religion and true Science." " Abreast with the most 

modem thought, accepting every established doctrine of the 
latest science, he yet saw in none of these anything whereby 
he was debarred from an honest confession of his Lord and 
Savior in the Christian creed, nor from a due and faithful re- 
ception of the holy sacrament." 

Mr. Ashburner was an active member of the following soci- 
eties : American Philosophical Society ; American Institute 
of Mining Engineers ; Philadelphia Academy of Natural Sci- 
ences ; American Association for the Advancement of Science ; 
American Society of Naturalists ; Engineers Club of Philadel- 
phia; Honorary member of the Lackawanna Institute of 
History and Science; Franklin Institute of Philadelphia; 
Trinity Historical Society; Texas Historical Society and a 
Corresponding member of the Wyoming Historical and Geol- 
ogical Society. 

A review of his publications and of his works would be be- 
yond the scope of this paper. These publications and this 
work are now before the world and their worth is being tested 
every day. They can be consulted and judged of by many, 
and many are familiar with them. An estimate of their rela- 
tive and absolute values has already been given by one more 
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competent to jifdge than the writer. ' Thus we will be content 
in submitting the following list of his professional papers, 
which, by their number and by the importance of their topics, 
give some measure of the prodigious industry of the man and 
of the character of his work. All of this he had produced and 
yet had not reached his prime. Surely, death seems to have 
ruthlessly cut short a most useful career. But. though the 
friend is gone, though the body is dead, the man yet lives in 
these his works and this influence will never die. 

Description of the Discovery of Vespertine Coal Beds, Huntingdon 
Co., Pa. ; Amer. Inst. Min. Eng., Cleveland, Oct. 1875. 

Section of the Palaeozoic strata of Huntingdon Co. Pa. ; Amer. Inst. 
Min. Eng. Phila. June 1876. 

Palasozoic Formations in Middle Penna. ; Amer. Phil. Soc. Feb. 
1877. 

Description of the Wilcox Spouting Water well ; Amer. Phil. Soc 
Sept. 1877. 

The Oil Sands of Penna. Engineer's Club, Phila. Feb. 1878. 

Report on the Metric System ; Engineer's Club, Phila. April, 1878. 

The Geology of the Aughwick Valley and East Broad Top Dist. Pa. ; 
Report F, Geol. Surv. of Pa. 

Geology of the Renovo Coal Basin, Clinton Co. Pa. ; Report Geol. 
Surv. of Pa. 

Notes on the Geology of Potter Co. ; Report G3, Geol. Surv. of Pa. 

The Geology and Description of ,the Bradford Oil District ; Amer. 
Inst. Min. Eng. Feb. 1879. 

• The Constitution of the Bradford Oil Sand ; Amer. Phil. Soc. March 
1880. 

The Geology of the Brazos Coal Field, Texas ; Amer. Inst. Min. Eng. 
Feb. 1881. 

Drilling for Coal in McKean Co. ; Geol. Sur. of Pa. 

Geological Section of St. Mary's, Pa. ; Amer. Phil. Soc. Mar. 1881. 

New Method of Mapping the Anthracite Coal Fields of Pa. ; Amer. 
Inst. Min. Eng. Feb. 1882. 

The Anthracite Coal Beds of Pa. ; Amer. Inst. Min. Eng. Aug. 1882. 

New Method of Estimating the contents of highly plicated Coal 
beds as applied to the Anthracite fields of Pa. ; Engineers Club, Phila. 
March 1883. 

The Geology of McKean Co. ; Report G, Geol. Sur. Pa. 1886. 

Geological Atlas of McKean Co. ; Atlas R, * Geol. Sur. of Pa. 1880. 

Description of the Flannery Boiler setting for the Prevention of 
Smoke; Amer. Inst. Min. Eng. Oct. 1881. 

^ Obituary Notice of Charles Albert Ashburner, by J. P. Lesley. 
[ Read before the American Philosophical Society, February 21,1890.] 

Biographical Notice of Charles A. Ashburner, by J. P. Lesley. Trans. 
Amer. Institute Mining Engrs., Washington meeting, Feb. 1890. 
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First Report of Progress of the Anthracite Survey ; Report A A, Geol. 
Sur. Ta. 1883. 

Report on the Geology of Elk, Cameron and Forest Cos. ; Geol. Sur. 
Pa. Report R2, 1885. 

Geological Atlas of Elk, Cameron and Forest Cos. ; Geol. Sur. Pa. 
Atlas RR, 1884. 

Second Report of Progress Anthracite Survey ; Pt. 1, 1884, Geol. Sur. 

Pa. 
Geological Atlas of Southern Anthracite Field, 1882. 

Ditto Northern Ditto 1885. 

Ditto Western Middle, Do 1884. 

Ditto Eastern Middle, Do 1885. 

The Product and Exhaustion of the Oil Regions of Pa. & New York ; 
Amer. Inst. Min. Eng. Sept. 1885. 

The Geology of Natural Gas in Penna & New York ; Amer. Inst. 
Min. Eng. Sept. 18^5. 

The Composition and Classification of the Pa. Anthracites ; Amer. 
Inst. Min. Eng. Feb. 1886. 

Second Report Progress Anthracite Sur. Part ii, 1885. 

The Geology of the Brandywino SummitjKaolin Deposits, 1885. 

The Wyoming Valley Limestones and their Geology ; Wyo. Hist. & 
Geol. Soc, 1885. 

Description of the Quaternary Geology of the Wyominp:-Lac^kawan- 
na Valley, 1885. 

The Gfiology of the Tipton Run Sub-Carboniferous Coal Basin, Blair 
Co. Pa. 1885. 

Description of the Wyoming Valley Limestone beds ; An. Kep. Geol- 
Sur. of Pa. 1885. 

Composition of Anthracites ; Science^ 1884. 

The Geology of Carbon Co. Pa. ; Hist, of Carbon Co. 1884. 

Brief Description of the Anthracite Coal Fields of Pa. ; Eng. Club, 
Phila. June 1884. 

The Geological Distribution of Natural Gas in the United States ; 
Amer. Inst. Min. Eng. 1886. 

Three statistical Charts showing the History and Development of 
the Oil Regions of Pa., and N. Y. 1859-1880 ; Rep. on Petroleum ; 10th 
n. S. Census. 

Report on the Geology of the Bernice Coal Basin, Sullivan Co., Pa. 
1885. 

The Geology of Natural Gas; Crew's Treatise on Petroleum, 1887. 

Description and Production of the Anthracite Coal Fields of Pa. 1881 
1882; Mineral Resources U. S. 1885. 

Statistics of the Coal Fields of the U. S. for 1885 ; Mineral Resources 
of U. S. 1886. 

Description and production of the Coal Fields of the U. S. 1886; 
Mineral Resources of U. S. 1887. 

Description and production of the Coal Fields of the U. S. 1887, 
issued in 1888. ; Mineral Resources. 
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Methods in practical geology ; Amer. Soc. Nat. Washington, Dec. 
1884. 

Boring for Oil in Potter Go. with geological conclusions hased on the 
same ; An. Rep. Geol. Sor. Pa. 1885. 

Discussion of the Westinghouse system for regulating the pressure 
of Natural Gas ; Amer. Manuf. Vol. xli, No. 22. 

Coal Production in Utah 1886 ; Amer. Inst. Min. Eng. July 1887. 

Agricultural Geology; End. Britan., Amer. Reprint. Vol. 7. 

Geology of Natural Gas in Kansas. ) 

Ditto, Missouri. > Amer. Manuf. Dec. 1887. 

Geological exploration for Natural Gas. ) 

American Petroleum. Its history; Geology; Technology; Trans- 
portation ; Refining ; Statistics ; Chatauquan Mag. Feb. 1888. 

Progress of the Geological Survey of Pa. ; Eng. Club, Phila. 

The Publications of the Geological Survey of Pa. ; Amer. Phil. Soc. 
1885. 

Geological Relations of the Nanticoke Disaster ; Amer. Inst. Min. 
Eng. May 1886. 

Grand Geological Atlas, Anthracite Coal Fields of Pa. Parts 1 <& 2, 
1885. 

The' Development and Statistics of the Alabama Coal Fields for 1887; 
Amer. Inst. Min. Eng. Vol. xvii. 

The Geology of Buffalo as related to Natural Gas explorations along 
the Niagara River; Amer. Inst. Min. Eng. Vol. xvii. 

Statistics of Coal Mining and Miners' Wages in the United States for 
1888 ; Amer. Inst. Min. Eng. Vol. xviii. 

Natural Gas Explorations on the Ontario Peninsula ; Amer. Ins. Min. 
Eng. Vol. XVIII.* 



THE LOWER AND MIDDLE TACONIC OF EUROPE AND 

NORTH AMERICA. 

By Jules Marcou, Cambridge. 
II. 

Norway, — I have given previously the classification of pro- 
fessor Broegger for the Paradozides beds of Norway. His 
"etage 1 b." having been placed in the Holmia zone or Scandi- 
navian, we have left for the Bohemian formation only his 
"etages 1 c and 1 d," in which are found at Krekling, Styggedal, 
(Exna, Tunsaosen, and Finden, the following fossils : Para 
doxides teasini, Par, rugulosus and Par, forchhammerij Dolichome 
topics auccicus, three Liostracus, Conocoryphe sulzeri, ElyXj three 
Solenopleicra, Conocephalites, two Anomocare^Ellipsocephalv^, two 
Arionelhcs, fourteen Agnostus with seven varieties, an Orthisy 

^He corrected the proof of this last paper on his death bed. 
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Lingula, Obolella, two Acrothele, Acrotretay three Hyolites, a 
Gasteropod and a Protospongia. The Norway Bohemian forma- 
tion is characterized, like that in Sweden by the Paradoxidea 
and its great number of Agnostus in the upper beds with the 
existence of Orthis at Krekling. 

In his admirable paper : "Parall^le entre les d^pCts siluriens 
de Boh6me et de Scandinavie'', Prague, 1856, Barrande has 
signalized the existence of a land barrier between Scandina- 
via and Bohemia ; and more than once, he has called attention 
to the great diflference between the Paradoxides faunas of Eu- 
rope, saying that the faunas were as well defined and localized 
to special regions or provinces during the Taconic period as 
they are now in our oceans. A great trutii, which all subse- 
quent researches all over the world, has proved to be a most 
valuable law, applicable to all the periods through which our 
globe has passed, since life made its apparition on its surface. 

British Isles. — The Bohemian formation or Paradoxides zone, 
was pointed out as existing in the British Isles as far back as 
1850, by Barrande, when on a visit to the Museum of Practi- 
cal Geology in London. A specimen of Paradoxides, not well pre- 
served and fragmentary, without any label of any sort, but surely 
British, found by him in the Museum recently created by de 
la B^che, Edward Forbes and Salter, led Barrande to assure 
the English geologists, that the primordial fauna existed some 
where in their country. Is it not strange, that English pride 
of having the right to name and classify the older Palaeozoic 
rocks, to the exclusion of the discoveries made in all the other 
countries, as it was assumed at the Berlin International Con- 
gress of 1885, by the Director General of the geological survey 
Mr. A. Geikie, should have received such a helping hand, in 
in a rapid visit to one of their museums. 

As soon as Barrande had called their attention to it, they 
began to look more carefully over their Lower Palaeozoic 
rocks of Wales ; and Salter more especially devoted many 
years in hunting for an English locality of Paradoxides when 
finally twelve years after Barrande's visit and valuable indica- 
tion of the existence of the Paradoxides zone and of the prim- 
ordial fauna in the British Isles, Salter had the good luck to 
find in situ at St Davids the "gigantic trilobite long looked for 
inBritian": Paradoxides Davidis! That discovery modified 
profoundly the English classification, which until then was 
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limited to the **Lingula flags of Wales" for the primordial, and 
even that much was also due to the visit and advice of Bar- 
rande, who truly discovered the primordial fauna in England. 

My friend, the late J. W. Salter, has done excellent work 
notwithstanding his premature poor health and sad death, 
and he may be considered as the representative of Barrande in 
England. It was not until 1856, six years after the celebrated 
visit of Barrande to the different museums in November and 
December, 1850, that Salter first discovered in situ only twp 
primordial fossils ; Oldhamia in Ireland, and a head of a trilo- 
bite in the Longmynd group of Sedgwick. Previously small 
primordial trilobites, recognized as primordial by Barrande in 
1850, had been collected accidentally in the Lingula flags of the 
Bangor district, and had been described by Salter in the De- 
cades of the geological survey, and also before the British As- 
sociation in 1852. But after the discovery of the St. David lo- 
cality, then the primodial fauna of the Brjtish Isles was rapid- 
ly developed, thanks to the combined efforts of Salter, David 
Homfray, Dr. H. Hicks, Prof. R. Harkness, C. Callaway, C. 
Lapworth, Kinahan, etc. As Salter rightly says : "To him 
(Barrande) therefore belongs the whole credit of originating 
the term, and defining the fossil characteristic of this Primor- 
dial zone a group of rocks which grows in distinctness and geo- 
logical importance day by day" (The Geology of North Wales, 
p. 245, London, 1866, in the 3d Vol. Mem, Geol. Surv. Great 
Britain. ) 

Salter in his "Catalogue of the collection of Cambrian and 
Silurian fossils," Cambridge, (England) 1873, 4to, divides the 
Paradoxicles zone or Bohemian formation, into three sub-groups 
called : 

CI. Longmynd group. 

b. Harlech or Bangor group. 

c. Menevian group or Lower Lingula flags. 

The superposition of those sub-groups is doubtful and many 
English geologists consider the Menevian group of St. David 
as contemporaneous with the Longmynd and Harlech groups 
of North Wales. The Menevian of southwestern Wales has 
been enclosed between the Longmynd and Harlech groups 
and the Festiniog group, more as an imaginative classification 
and nomenclature than the result of direct stratigraphic observa- 
tion. For the three groups do not exist anywhere to- 
gether ; and we may consider the whole scheme as a precau- 
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tionary measure in order to control all future discoveries of 
primordial fossils in the area of Wales and vicinity. Very 
likely the Menevian is the homotaxis of the greater part of 
those ill-defined groups the Longmynd and Harlech. 

The fossils of the Bohemian formation of Great Britain are : 
Parad, harknessi, Par. davidis, Par, hickaii and Par, au- 
rorajOne Conocoryphe or Conocephalites, two Microdiscus^ one 
Arionellus, two Anopolenus, and three doubtful Olenus? one 
Holocephalina, a Plutonia^ ten Agnostus^ four Primitia and 
one Hyanenocasis ; Discinay three Oboleta, Lingulella^ one 
Orthis^ five Theca^ Stenotheca, Cyrtothcca^ two Oldhamiaj 
two Protospongia and one Cyrtidea. As a whole the Brit- 
ish Bohemian fauna, although related to Barrande's fauna of 
Bohemia, had more affinities with the Bohemian fauna of 
Sweden and Norway. The Agnostus is very abundant in the 
uppermost part of the formation, as it is in Norway. 

France, — It was not until 1888, that a patch of the Bohe- 
mian formation or Paradoxides zone was found at Ferrals- 
les-Montagnes, H^rault, in France, by M. Jules Bergeron. 
That locality of the "Montague Noire," northeast of Carcas- 
sone, in Languedoc, presents a small outcrop of red, yellow, 
and green slates only 36 feet thick, containing a Paradoxides^ 
one ArionelluSj two Conocephalites, and several species of Agnos- 
tus ("Faune primordiale-Paradoxidien-dans les environs de 
Ferrals-les-Montagnes [Herault],"in Bulletin Sac. GeoL Francoy 
vol. xvi, p. 282, Paris). From the scanty notes published so 
far, we may infer that the Ferrals primordial fauna, shows 
affinities and relationship with the faunas of Bohemia, Sar- 
dinia and Spain, and they seem to indicate that it belongs to 
the same Middle Taconic province, which may be called 
Asturio-Bohemia province ; as the province of England, Nor- 
way and Sweden may be called Scanio- Wales province, mak- 
ing two distinct zoological provinces in Europe for the Par- 
adoxides zone or Bohemian formation. 

Sardinia, — To the northwest of the town of Iglesias, between 
Malfid and Masua, and at Canalgrande (See Car^a geologica 
d'ltalia, scale 1 : 1,000,000, in two sheets, published by the 
geological survey of Italy, Roma, 1889), on the sea shore 
there are several outcrops of fossiliferous primordial rocks. 
The classification of strata have not yet been given with all 
the details required for a complete understanding of the strat- 
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igraphy ; and the late professor G. Meneghini has made use 
provisionally of a general division in two parts (*TalsBontol- 
ogia deir Iglesiente Trilobiti," in Mem. della carta geologica 
d^Italiay vol. ni, Firenze, 1886). Mr. J. G. Bornemann has 
published also at Halle, in 1886, his "Die Versteinerungen der 
Gambrischen Schichten systems der Insel Sardinien." 

These two important paleontological works enable us to 
say with certainty that the Paradoxides zone or Bohemian for- 
mation is well represented in Sardinia. Very likely a part of 
the Upper Taconic, more especially the Olenus zone, exists 
also there. Further detailed sections and close research for 
fossils will further develop the first discovery of the primordial 
fauna, made, as far back as 1857, by the late general Alberto 
de la Marmora in the island of Sardinia. Meneghini has des- 
cribed 3 Paradoxides^ 6 Conocephalites, 2 Conocoryphe, 1 Lias- 
traciLS and 5 Anamocare ; besides 5 Olenvs which seems mixed 
in the same beds with Paradoxides, an abnormal association 
which requires to be carefully looked after, before being 
accepted as an indisputable fact. 

Spain. — ^In 1859, Casiano de Prado, found the Paradoxides 
zone north-east of Leon, between Sabrero and Bofiar ("Sur 
I'existence de la faune primordiale dans la chaine Ganta- 
brique ;" Bvlletin soc, giol. France, vol. xvii, p. 516, Paris, 
1860). Barrande and de Verneuil published the fossils found 
by de Prado, and here is the list : Paradoxides, Arionellvs, 3 
Conocephalites, 2 Agnostus, Leperdiiia, Capulus, Discina, Orthis, 
OrthisirwL and a Cystidean. Barrande insists on the great 
analogy of the Paradoxides zone of the Gantabric chain with 
the one of Bohemia ; three species of trilobites being identical. 

In 1882, M. Charles Barrois published his geological studies 
and researches on the Asturias, a very remarkable and valu- 
able work entitled ; "Recherches sur les terrains anciens des 
Asturies et de la Galice," p. 168, etc. in Mim, Soc. giol. Nord, 
vol. II. Lille. M. Barrois has recognized the Paradoxides 
zone or Bohemian formation at la Vega, Rivadeo and Pont- 
Radical. His list of fossils, several of which are new species, 
gives the following Bohemian forms : 2 Paradoxides, 3 Con- 
ocephalites, Arionellus, Trochocystites, and some Brachiopoda 
badly preserved. 

The Paradoxides zone has been signalized, 1874, by Mr. F. 
M. Donayre, in the province of Saragoza. We know also that 
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the Taconic system exists in the provinces of Ciudal-Real, 
Caceres, Andalusia, Grenada, Alemtejo (Portugal) and Tras 
OS Montes (Portugal), but further researches are wanted before 
a final classification of the different patches in Spain and Por- 
tugal may be properly attempted. 

Newfoundland, — Resuming the stratigraphic researches of 
Messrs. Howley and Murray, and the paleontological works of 
Messrs. Billings, Whiteaves and himself, Mr. 6. P. Matthew, 
in his interesting paper, already quoted, ^'Cambrian faunas of 
Newfoundland" pp. 149-151, gives the following sub-divisions 

of the Paradooddes zone : 

A. — Horizon of Agraulos strenuus. Holmia Zone. 

B. id. of the Conocoryphinse.— Paradoxides — id. — 

C. id. of Paradoxides spinosus. — id. id. — 

D. id. id. id. tessini. id. id. — 

E. id. ^id. id. davidis. id.—— — id. — 

Fauna of Olenus division of Kelly's island ahd Great Bell island. 

As we have seen before, division A contains Holmia (Para- 
doxidesf), and belongs to the Scandinavian formation or 
Holmia (OknelltJis) zone. There remains only four sub-divis- 
ions B, C, D and E, of Paradooddes beds. They are all situated 
in St. Mary's, Conception and Trinity bays, in the south-east- 
ern part of Newfoundland. 

What Mr. Matthew calls "fauna of the Olenus division" from 
Kelly's island and Great Bell island, is so far very limited 
and rather meagre, but further researches may develop it. At 
Bell island Mr. Howley has found a large trilobite, undeter- 
mined, rather rare; and the other fossils quoted by Mr. 
Matthew: Eophyton, Arthraria^ Lingula, Lingullella and 
Cruziana, are all old forms. * 

Mr. Howley in his column of primordial strata, calls the 
Paradoxides beds of St. Mary's and Conception bays, division 
n. Then o. and p, designate a limestone of Highland cove 
(Trinity bay) with Paradoxides ; and divisions q, r, s, show the 
thick formation of Kelly's island and Bell island of Conception 
bay, just spoken of in the preceding paragraph. 

According to Mr. Matthew, the Paradoxides zone fauna of 
his divisions B., C, D. and E., is composed of 5 Paradoxides, 3 
MicrodisctcSj 3 Conocephalites, Agraulos, Selenopleura, Anopole- 
niLSj CentropUura and 12 Agnostus, Hyolites, Obolella, and 
Eocystites, All these are forms of the Bohemian formation of 
England, Norway and Sweden. The similarity of the fossils 
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of Newfoundland is such that southeastern Newfoundland 
may be placed in the north NeutralHomozoic Band of the Middle 
Taconic period. In Newfoundland the sediments are much 
thicker than in Scandinavia ; even more so than in Wales. 

Mr. Walcott has added a few fossils, more especially trilo- 
bites, found by him at Manuel brook in Conception bay, such 
as Paradoxides hickiii, CteiiocephaluSj LiostracuSj Erinnys^ 2 
Ptychoparia, Holocephalina, Linnarssonin^ Acrothela and Orthis. 

The locality of Branch at St. Mary's bay, containing the 
great Paradoxides bennettii and Agraidos affiiitSy is very likely 
at the base of the Paradoxides zone, like the Braintree Para- 
doxidcM beds of Massachusetts, and also Band c. of division 1 
of the St. John group of New Brunswick, called for Newfound- 
land by Mr. Matthew "B. Horizon of the Conocoryphinae." 
Probably more minute and new search in St. Mary's bay will 
bring more fossils and throw more light on the lower horizon 
of the Paradoxides zone of eastern North America. 

New Brunswick. — In 1862, many years after the discovery of 
the Paradoxidean fauna by Dr. Emmons, and even several 
years after the discovery of the Braintree Paradoxides and the 
St. Mary's bay Paradoxides, Rev. C. R. Matthew, found Para- 
doxidean trilobites near and even in the town of St. John, 
New Brunswick. My lamented friend, the late Frederick C. 
Hartt, determined and described the fossils collected by the 
two Messrs. Matthew and himself in 1865 and 1868. After- 
ward Billings added a few species ; and finally Mr. G. F. 
Matthew, since 1877, has made extensive collections round St. 
John, and has published important stratigraphic and paleon- 
tologic memoirs, so that he has made St. John the typical 
localitv for the Paradoxides zone or Bohemian formation of 
eastern North America, and one of the most important regions 
in the world. 

Since Barrande's admirable studies on the primordial trilo- 
bites, nothing so important and so thorough, has been pub- 
lished as Mr. Matthew's remarkable "Illustrations of the Fauna 
of the St. John Group," in four parts, 1882-1887, 4to in the 
Tram. Roy. Soc. Canada. The works of Mr. Matthew are of 
the first order, and place him at the head of American paleon- 
tologists, for the Lower Paleozoic. I am glad to have an 
occasion to express my admiration for the excellent work he 
is doing, on account of our divergence in the use of names for 
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the nomenclature of the strata containing the primordial fauna. 
As a true English geologist, with a patriotic leaning ('), in- 
tensified by his stay in a colony of the British crown, Mr. 
Matthew adheres to the word Cambrian — not the primitive 
Cambrian of Sedgwick, but a lately made up Cambrian — for 
the name to be given to all the strata containing the primor- 
dial fauna, against plain facts of priority in favor of the name 
Taconic, first used by American geologists, as far back as 1844 
and 1842, many years before the discovery of the primordial 
fauna in. the British Isles and in all the British colonies. 
Barrande was more just, for as soon as he was acquainted with 
Dr. Emmons discoveries, with a true scientific and liberal 
spirit, he did not hesitate to publish his complete adhesion to 
them and to proclaim that an American geologist had discov- 
ered first the primordial fauna and the Taconic system in 
which it is located. But Barrande had a cosmopolitan and 
widely open mind, and a sense of justice very rare among 
geologists and paleontologists. 

Mr. Mathew divides his "Series 1. B. — the St. John group,'^ 
which represents in New Brunswick the Bohemian formation 
or Paradozides zone, into four bands or assises a. b. c. and d. 
The fossils are : 6 Paradoxidcs — one species the Farad, etcminus 
has four varieties, and another one the Parad. regina in hon- 
or of her majesity, Queen Victoria, is the largest sized Para- 
doxides yet found — Ellipsocephalus, 2 Solenophura^ Ptychoparia, 
2 Lio8tracu8, 3 AgrauloSj 2 Conocoryphe, 3 Microdiscus, 8 Agn^s- 
tu8 with four varieties ; Primitiay 2 Beyrichona, Hyponicharian^ 
Lepidilla, 2 Lepiditta, Hart tin, 6 Stenotheca, 2 Diplotheca with 
four varieties, 3 Hyolites, 2 OrthiSy 2 Kutorgina, Acrothele with 
two varieties, 2 Acrotreta, 2 Linnarssonia, 3 Lingulella, Eocy- 
stiteSj 2 Hydrozoa or GraptoliteSy Eocoryne, Protospongia and 

(^) It is extremely difficult for English geologists to accept and use 
nomenclature made outside of their islands. I remember forty-five 
vears ago, how they were opposed to the use of the names Jura and 
Jurassic system, instead of Oolite and Oolitic system. It took three 
and four ^generations before they were reconciled to that beautiful name 
of Jurassic series. The Trias also was strongly opposed as & name, 
because it originated in Germany. As to Dvas instead of the wrongly 
created Permian, it begins only now to be used , notwithstandiu^ the long 
admitted error of Murchison, who confounded the whole Kussian Trias 
with the Zechstein and Rothliegende. So we must expect a long op- 
position by English geologists to the use of the American name of 
Taconic ; and very likely it will take five or six generations before they 
come to it. 
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ArchaeocyathuSf a most complete and very important fauna of 
the Paradorics zone. 

BraintreCj Massachxi^etts. — The Bohemian formation of Brain- 
tree near Boston, was classified as such by Barrande in 1860. 
The species, of fossils are few, being confined to Paradoxides 
harlani, a very large trilobite closely allied to Parad, sprnoms 
of Bohemia and to Parad. bennettii of Newfoundland, 
1 Ptychopariay an Arionellm or Agraidos and a Hyalites; only 
four species. It represents the same horizon as the beds of 
Branch on the St. Mary's bay, Newfoundland, and belongs to 
the lowest horizon of the Paradoxides zone. 

Nevado-Canadian Lower and Middle Taconic. — Now that 
we have reviewed all the outcrops of the Lower and Middle 
Taconic strata of the Acadio-Russian sea, and have tried to 
give a clear and exact classification and nomenclature in four 
great formations or groups, we shall describe and compare the 
patches of Lower and Middle Taconic existing in the Nevado- 
Canadian sea, the original region of the Taconic system and 
the first place in the world where the primordial fauna was 
found and described as the oldest fauna existing below the 
Cambrian fauna of Wales, 

Tabular view of the Lower and Middle Taconic of the Nexnxdo- Canadian 
sea, 

IV. Georgia formation or Elliptocephalus (Olenellus) zone. 
III. and II. St. Albans formation. 
I. Chuar formation of the Grand Canon of the Colorado. 

Original Taconic area. — The Acadio-Russian sea of the Ta- 
conic period, was separated from the Nevado-Canadian sea by 
a long isthmus extending from the eastern coast of Labrador 
to Rhode Island and southeastern Massachusetts. At two 
points the isthmus was very narrow and can be compared 
with the present isthmus of Panama and Tehuantepec. The 
first place was ])etween Canada bay in the extreme north- 
eastern part of Newfoundland and Bonavista bay, southeastern 
Newfoundland, a distance of 150 miles ; and the second point 
was between Braintree near Boston and Attleborough near 
Providence, Rhode Island, a distance of only 35 miles.* At 
Bonavista bay and at Braintree, we have slate deposits of the 
argillite lithological type, containing Paradoxides and conse- 

^ The terra firma on the ^'Physical Sketch-map** as frontispiece of 
this paper, in the June number American Geologist, Vol. V, j). 357, 
is too bro id ])et ween Braintree and Attleborough, Massachusetts; it 
ought to be reduced to a single line. It is an error of the engraver. 
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quently of the Paradoxides zone ; and at Canada bay and atAttle- 
borough we have the fauna of the Georgia formation orEUiptO' 
cephalus (Olenellns) zone, different as regard species, and even 
forms of the trilobites form the fauna of the Bohemian forma- 
tion. We have on the two sides of that great isthmus two 
faunas which can be parallelized and are at least partly homo- 
taxical. 

The deposits of strata on each side, are quite different litho- 
logically, although having in common the slaty characters of 
the principal masses of rocks. In the Acadio-Russian sea 
the slates and argillites contain, very seldom, limestone nod- 
ules or very small limestone lentilles, called KalhhoUer at 
Krekling in Norway and boulder-like masses at St. John, New 
Brunswick, of extremely limited dimensions, varying in size 
from nodules of only one inch across, to elliptical masses of 
"about a yard in diameter, while in the Nevado-Canadian sea 
the slates inclose great lenticular masses of limestone, generally 
more or less dolomitic ; which vary in dimensions from the size 
of a man's head to knobs of prominent spherical masses of fifty 
yards and even more in diameter, as round St. Albans, in Ver- 
mont, or elongated lenticular masses from twenty-five yards 
long to one thousand yards and even more, as we find them 
at Phillipsburgh, Highgate falls, Pointe-Levis, Bic harbor, and 
in many places in Vermont, New York, Massachusetts and 
Rhode Island. The importance of the deposits in the Nevado. 
Canadian sea is due, not only to their great thickness and 
their peculiar lithology, but also and mainly because, it was 
while studying them that by a stroke of genius Dr. Emmons 
recognized that they belonged to an older system, than any 
known until then, and that they were characterized by a spec- 
ial fauna, totally different from the faunas previously discov- 
ered and signalized in Europe and America. It was a gigan- 
tic step, which displaced the base of the Paleozoic strata, car- 
rying it down twenty-five thousand feet lower than Sedgwick 
and Murchison had done by their researches in England and 
on the continent of P^urope. 

These discoveries of Dr. Emmons were made from 1838 to 
1844, and published, first in his "Final Report of the second 
district of New York'' (Jan. 1, 1842), and finally in 1844, in 
"The Taconic system, etc." Two years later Barrande in his 
"Notice preliminaire sur le systeme Silurien et les trilobites de 
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la Boh6me," p. 9. Leipzic, 1846, inslBted on the complete inde- 
pendence of the fauna of his inferior division C, and accord- 
ing to the happy expression used by d^Omalius d'Halloy, Bar- 
rande "created the primordial fauna." Then Barrande did 
not know Emmons' discoveries but as soon as he 
got hold of Emmons' publications, he disavowed all claims of 
priority, and with his great honesty and courtesy, he said: 
"I fear that some one may attribute to me the merit of priori- 
ty which I am far from pretending," ♦ * ♦ "it is clear 
that Dr. Emmons has first announced the existence of a fauna 
anterior to that which has been established in the Silurian 
nystem as characterizing the Lower Silurian division and which 
I have named second fauna. It is then just to recognize this 
priority, and I think it all the more fitting to state it at this 
time, that it has not been claimed to this day" (^"Documents 
anciens et nouveaux sur la faune primordiale et le syst^me 
Taconique en Amerique," in Bulletin Soc, gSoL France tome, 
XVIII, p. 225, Paris, 1861.) 

After Barrande's noble words and the continual discoveries 
of the primordial fauna in the Taconic strata of North Ameri- 
ca, the "cardinal principles of geologic nomenclature, 1, prior- 
ity of definition, and 2 accuracy of the original observations" as 
they are called by a recent writer, will forcibly one day or an- 
other, lead all geologists to use the name Taconic, in the gener- 
al classification of the world. It is only a question of time 
and justice, and in geology time is everything, as to justice it 
will come as a consequence of truth against all national preju- 
dices and interested oppositions. 

Dr. Emmons' classification of the Taconic strata, in the 
original Taconic area of western Massachusetts and eastern 
New York, comprises five divisions, two of which belong to 
the Upper Taconic b and rf, and the three others a, c, and e to 
the Middle and Lower Taconic. In the "Granular quartz" or 
division e, we have a small fauna indicating that it is very 
likely contemporary and homotaxical of the Scandinavian for- 
mation or Holmia zone of Europe. Only three fossils have 
been found yet in it, two miles east of Bennington, Vermont, 
a NothozoCy a Hyolites, and a trilobite called Olenellus thompsoni 
by Mr. Walcott. As no figure, nor description of any sort of 
the trilobite has been given, except the few words : "heads of a 
species of Olenelhis undistinguishable from 0. thompsoni of 
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the Georgia formation in Franklin county, Vermont," ("The 
Taconic system of Emmons, etc." in Amer, Jr, Sc, vol xxxv, 
p. 234, 1888) ; it is impossible to say what sort of trilobite it is. 
Mr. Walcott's determination oi Atopa trilineatxis Emmons, as 
identical with Tnarihrm beckii, his belief that Elliptocephalus 
(OlenclliLs) asaphoides is **generically identical with JSTotmm 
kjerulfi and Schmidtia mickwitzi,^^ and also his reference of the 
original Microduciis quadricostattis Emmons to Trinucleus con- 
centricus, saying that "we now know that the light colored 
fragile shales of Augusta county, Virginia, belong to the Hud- 
son River group," are examples too conspicuous of his way of 
identification of species and genera, and determination of age 
of strata to enable us to accept his conclusions, without the 
most positive documents, with good figures and accurate des- 
criptions. His extraordinary announcement that OleneUus 
(Elliptoce2)halii8) thovipsoni was found ranging in 14,000 feet 
of strata in New York and Vermont, is another suspicious dis- 
covery which requires to be controlled by reliable stratigraphic 
observations before being accepted. It is best to regard his 0. 
thompsoni of the Granular quartz of the vicinity of Bennington,as 
not identical with the trilobite of Georgia, butas aParadoxidean 
form, which may belong perhaps to Holmia or to Schmidtia, 
In such cases we may have the Scandinavian formation, or 
even perhaps the Esthonian formation of Europe. Further 
researches are necessary before reaching final conclusion. 
Provisionally regarding the division e. Granular quartz of 
Emmons, as Lower Taconic and the homotaxis of the Estho- 
nian formation, his division c Magnesian slate, and a Black 
slate, belo'hg with certainty to the Middle Taconic or Scandi- 
navian and Bohemian formations ; because in them are found 
the true primordial fauna of the Georgia formation of Ver- 
mont. The list of fossils in the original Taconic area, for the 
vicinity of Bald mountain (the first place in the world where 
the primordial fauna was recognized as a special fauna), the 
vicinity of Troy, Dutchess county, etc., is : Atops, 2 Ellipto- 
cephalus^ (Paradoxides of Barrande; Olenus, Barrandia and 
OlenelluLS of Hall) , Pagura, A MicrodiscuSy Ptychoparia^ Sokn- 
opleura, Olenoidea^ 3 Agnostus, 2 Leperditia^ 6 Hyalites^ Platyce- 
ras, Stenotheca, Scoiella^ Fordilla^ Orthia, 3 Obolella, Lingulella^ 
Kuiorgina, Linnarssonia ; all representative species of forms 
most characteristic of the Paradoxides zone or Bohemian fop- 
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mation of Bohemia, Scandinavia, England, Newfoundland and 
New Brunswick. 

Vermont, — At West Georgia, Vermont, in the vicinity of St. 
Albans, the primordial fauna was accidentally discovered by a 
farmer, Mr. N. E. Parker, fifty yards from his house and referred 
by Messrs. James Hall, Logan and Hitchcock to the Hudson 
River group, or even to a special group above it. Barrande 
seeing that this singular and curious stratigraphical position 
given to his primordial fauna, would involve a transfer above 
the second fauna, and consequently break down his record of 
good observer, as well stratigraphically as paleontologically, 
begged me repeatedly to go there and make the stratigraphical 
section. This was done in 1861 and 1862 ; and my classifica- 
tion on the succession and true stratigraphic position of the 
Taconic or primordial faunas in America, is the first system- 
atic arrangement of the formations containing them, that was 
made and published on the basis of the paleontological 
determinations of Barrande, and against the extraordinary 
stratigraphic and paleontologic views of Hall and Logan. 

Here is the order of succession, as I published it in 1861 
and 1862. (') 

Table of the Taconic of Vermont {Proceed, Boston Soc. Nat, Hist,^ voh 

VIII, p, 241, 1861,) 

Potsdam sandstone 300 to 400 feet. Conocephaliten, 

Lingula flags 500 to 600 feet. Lingula, Orthiiina, Orthis, 

Graptolites, 
Georgia slates 500 to 600feot. ParadoxidesiOlenellus) tbompsonif 

Peltura, Conocephalites, Obolella, Orthisina, Camerella. 
St. Albans group 2500 to 3000 feet. Tribolites undetermined. 

Table of the Taconic in Vermont {Letter to M, J, Barrande on the Taconic^ 

p, 4' Cambridge, 1862.) 

Potsdam sandstone 300 feet. Conocephalites and Obolus, 

S wanton slates 2000 feet. Oraptolltes. 

Phillipsburgli group 1500 foet. Dlkelocephalus, Bathyurus, 

Camerella and colonies of second fauna. 
Georgia slates 400 feet. Elliptocephalus (Olenellus) thompsoni, 

Conocephalites, Obolella^ Orthisina^ Camerella, 
St. Albans group, 5,000 feet, with roofing slates and granular quartz. 

C) Mr. C. D. Walcott in his two papers: ''Second contribution to 
the studies on the Cambrian faunas," pp. 12 and 13, Washington, 1886, 
and "Stratigraphic position of the Oleuellus fauna in North America 
and Europe," Amer. Journ., vol. xxxvii, p. 374, New Haven, 1889, 
passes over my observations and published tables of the succession of 
the Taconic fauna, as if they did not exist; and refers, against dates 
and all right of priority, the first systematic arrangement of the groups 
or formations containing them, to Logan in 1864, three vears after my 
table of 1861, and to Messrs. Dana (1881), Whitfield (1885") andT.Sterry 
Hunt (1884), a very incorrect and partial re\iew. 
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The Georgia slates represent the Bohemian formation of the 
Acadio-Russian sea, or Paradozides zone with its characteris- 
tic fossils, such as, Elliptoce2)halu8 (Olendltis) thom'psoni^ 2 
Protypus, 2 Conocejyhalites (Ptychoparia)yOlenoide8f MesonaciSy 
Peltura (Bathytiotxcs), Solenopkura, Agnostus, Salterella, HyoliteSy 
SccneUa, Orthisina^ Camerella {Kutorgina:) ^ and two Grapto' 
lites. I have not signalized sooner the existence of graptolites 
in the Middle Taconic, although it was first recognized by Dr. 
Emmons, and Mr. Matthew has found one species at St. John, 
because that rather problematic and very low organism has 
been used too freely, and the consequence has been on the part 
of the adversaries of the Taconic system, a confusion in the 
classification of the great Taconic slaty rocks, with the Utica 
slates and Lorraine shales. More careful studies of the forms 
and more strict stratigraphical determination for their habitaty 
are required before we can know their value in the classifica- 
tion of strata. 

The St. Albans group was created to place in it all the strata 
existing between the band of the Georgia slates or formation 
in Franklin county, Vermont, eastward of Parker's farm out- 
crop, and the talcose slates and conglomerates of Fairfield. 
Although there have been reports that large tribolites have 
been found in two places, east of St. Albans village and High- 
gate Falls village, no specimens have ever found their way into 
the hands of paleontologists, or reliable practical geologists 
The thickness of five thousand feet is very likely less than the 
truth; and in that gr«at mass of stratified rocks, fossils, 
although rare, can be found when they are carefully explored 
by fossil collectors and resident stratigraphists. 

In the St. Albans group, near the base, in the vicinity of the 
Georgia railroad station, true argillite slates are found, as at 
Braintree and St. Mary's bay, and there is no reasonable doubt 
that one day or another primordial fossils and more especially 
large trilobites of Paradoxidean forms will be found in the St. 
Albans group of Vermont, Canada and Maine. It is a question 
of time. But now, already, we can consider the St. Albans 
group as representing stratigraphically and lithologically all 
the lower parts of the Paradoxidcs zone containing the large 
Paradoxides, such as Paradoxidcs harlaaiy Par. regina, Par. 
bennettii, and Par, davidUy and also the Holmia zone and even 
the Schmidtia zone. 
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The upper part of the Paradoxides zone, is represented with- 
out any possible doubt, by the (Jeorgia formation or ElliptO' 
cephalus (Olenellm) zone. The very learned and excellent 
observer, professor W. C. Broegger of Stockholm, has published 
a paper on the position of tlie Olenellua zone, in North Amer- 
ica, ("Om aldereji af Olenellus zonen i Nord Amerika," Stock- 
holm, 1886) based on the erroneous classification used by the 
adversaries of the Taconic system. If professor Bra?gger had 
not attributed several of our groups of strata to the Lower and 
Middle Potsdam, with which they have no relation whatever, 
he would have come to different conclusions. His Olenellus 
(Holmia) zone of Scandinavia, is well represented as he says in 
Newfoundland. But the Georgia formation with its original 
Elliptocephalus (Olenellus), contains all the forms of fossils of 
the upper part of the Paradoxides zone of Scandinavia, and is 
the homotaxical fauna of the divisions : a beds with the Agnos- 
tVfS Isevigatus, c beds with Paradoxides forchhammeri and c 
beds with Agyiostm lundgeri of Messrs. TuUberg and Nath- 
rost's classification of Scania. Several of the forms of the 
fossils of Greorgia are prophetic types and are the "avant-cour- 
eurs" as Barrande says, of the forms of fossils which develop in 
the supra-primordial fauna; such is the case with Olenoidesf 
mareouij Orthisina, Fordilla, Leperditia, Platyceras, and Pleur^ 
otomaria (Raphistoma) ; no one of which is found in the Scan- 
dinavian formation or Holmia zone. Many confusions creat- 
ed by the ever changing and always incorrect classification of 
the adversaries of the Taconic system, would have been avoid- 
ed by professor Broegger, if he had not accepted as correct 
the tables of strata published at different times by Messrs. 
Hall, Ford, Whitfield, Walcott and the Geological surveys of 
Canada and Newfoundland. 

The synchronism between the strata of the Taconic system 
deposited in the Nevado-Canadian sea, and those deposited in 
the Acadio-Russian sea, can be made only by homotaxical 
faunas and a reasonable allowance for stratigraphical positions. 

The St. Lawrence gulf and. the vicinity of Quebec city. — The 
upper portion of the Middle Taconic or Georgia formation is 
found in several localities of northeast and western New- 
foundland, from Canada bay, Belle isle Strait, to Port-A-Port 
bay, with its characteristic fossil the ElliiAocephalus ( Olenellus) 
thowpsoni. 
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In the province of Quebec, on the south shore of the St. Law- 
rence river, from Bic Harbor, Notre Dame du Portage, St. Denis, 
St. Roch, St. Jean, L'Islet, Canoe Island to the vicinity of Beau- 
mont near Point L^vis, we have a fine belt of the Georgia for- 
mation or EUiptocephahis {OlenelluH) zone, containing the 
whole fauna of Georgia, as well developed as in Vermont. As 
far back as 1862, in my "Letter to M. Joachim Barrande, on the 
Taconic rocks of Vermont and Canada," with "comparative 
tabular sections of the Upper Taconic rocks of Vermont and 
Lower Canada" p. 10, Cambridge, I have classified a group 400 
feet thick, which I called "Redoute group," containing a pure- 
ly primordial fauna, with the Georgia formation. In 1864, 1 
published a very detailed plan of the lenticular masses inclos- 
ed in slates at Point Levis ("Notice sur lesgisements des len- 
tilles trilobitif^res taconiques de la Point Levis au Canada," 
BuL Soc. GeoL France, vol. xxi, p. 236, Paris), with a slight 
change, saying that " The Georgia slates have not yet been re* 
cognized with certainty in that region" ; and I gave the follow- 
ing classification : 

Quebec city group, 2,400 feet. 
Point Levis group, 1,400 feet. 
Chaudi^re and Sillery group, 3,000 feet. 

Saying at the same time, the Georgia group is pro- 
ba|ply situated between the Pointe Levis and the Chaudi^re 
and Sillery groups. The discoveries made since by the Geo- 
logical Survey of Canada of the Georgia formation with EUip- 
toccphalus (Olenellus) thomj^soni at L'Islet, Canoe Island and 
above Beaumont, in close proximity to Pointe Levis show that 
my supposition was correct. 

What Dr. Ells calls his Sillery group, (Ann, Report Ocol. Sur. 
Canada, 1887-88, vol. in, part ii, K. 1889), is composed of two 
dinsions, the Upper and Lower Sillery. This Uj)per Siller}' is 
simply the Georgia formation presenting different faciesof the 
typical Georgia slates of Vermont, on account of an eruption 
of dioritic or porphyritic trap (a true diabase) in the area of La 
Chaudi^re and Etchemin rivers. In that peculiar facies the EUip' 
tocephahis (Olenelhcs) thompsoni&nd other fossils of Georgia are 
scarce, and when no lenticular masses of limestone are found, the 
slates of both groups, Sillery and Pointe Levis are confounded 
in one single mass of shales, red, greenish, greyish, blackish, 
with a few limited bands of quartzite and calcareous sandstone. 
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which it is impossible to divide into groups. However the 
beds containing the Oboldla pretiosa may be regarded as the 
upper horizon of the Chaudi^re and Sillery groups, and the 
junction beds of the Sillery with the Pointe Levis. According 
to my observations and views, what Dr. Ells calls "Upper 
Sillery" represents the Georgian formation in the close vicin- 
ity of Quebec city and at Pointe Levis, ('). Here is my clas- 
sification of the great slaty masses and limestone in the prov- 
ince of Quebec. 

Tabular view of the stratigraphy of the province of Quebec. 

Utica SLATESjfromRouse's Point to St. John lake, with 
tongues or narrow stripes resting on the Upper Taconic 
slates of the Citadel Hill and Swanton group, by land- 
slides along the line of contact of the Trenton with the 
Taconic slates. 

Trenton, including Black River group, above Mont- 
morency falls and other localities. 

Chazy and Calciferous, represented eastward af- 
ter passing Chico creek by a conglomerate made up of 
rolled pebbles of the underlying quartzite, several feet 
. in thickness. 
— Break. 

No Potsdam was deposited round tlie city of Quebec. 
— Break. 



Champlain of 
Emmons, or 
true Cam- 
brian of Sedg- 
wick or Low- 
er Silurian of 
Murchison. 



Upper Tacon- 
ic or Bathy ur- 
ns and Dike- 
1 oce phalus 
zone. 



Citadel Hill and Quebec city or Swanton slates ; 
with precursory centers of the second fauna, contained 
in lenticular masses of limestone at Quebec city and at 
' Highgate spring, (Vermont.) 

Point Levis and Phillipsburgh ; with colonies or 
precursory centers of the second fauna, contained in 
lenticular masses at Pointe L^vis and at Phillipsburgh. 

Middle Ta- f GEORCiiA or Upper Sillery ; or Elliptocephalus {Olenel- 
conic or El- j Ins) belt, with OboleUa pretiosa round Quebec, and El- 
liptoceph a 1 - j liptocephalus eastward from near Beaumont to Bic 
us zone. t Harbor. 

Lower Tacon-f Chaudi^re or Lower Sillery, corresponding in part 
ic. 1 ^i*^h the St. Albans group of Vermont. 

Dr. Ells, his assistants Messrs H. M. Ami, N. J. Giroux, and 
St. Cyr, Director Selwyn and Mr. C. D. Walcott, have given as 

'The Point L^vis group although synclironized with the Phillipsburgh 
group, on account of fourteen common species of fossils, is in reality 
a little older and is the equivalent of the slates at the base of the Pliif- 
lipsburgh lenticular masses of limestone, which extend all over the 
narrow valley of the village of St^ Armand between the most eastern 
lenticular limestone and the Georgia formation belt. 
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the result of their joint researches, the following classification, 
which I resume in a tabular view, in order to make it clear to 
the reader. 

Lorraine Shales, at St. Kicolas and St. Croix 12 
miles above Pointe L^vis and Quebec city, Messrs. 
Giroux and Ami refer all the slates, between Charle- 
bourg and Indian Lorette, to Ste. Foix and the Tower 
No.4 between' *cote de la n^gresse and cote Sauvageau*' 
to the Lorraine shales or true HudsonRiver sediments, 
with a thickness of at least 4,000 feet. No fossils are 
given for the area between Quebec city, Ste. Foix, Lor- 
ette and Charlebourg. 

Utica Slates at the mouth of the river Montmorency 
with Thiarthnis beckii common ; and at the eastern side 
of the foot of Montmorency falls.* 

Trenton llmestone, at Pointe aux Trembles, Ancient 
Lorette, Beauport, and Montmorency, with a Black 
River facies in their lowest portion at Lorette and 
Montmorency. 
Fault North of the city of Quebec, at the great 



Cambro-Si- 
lurian of Mes- 
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escarpment, west of Tower No. 4. 

Quebec city rocks. The exact horizon of the cita- 
del rocks is still to some extent doubtful. According 
to professor Lapworth, it is Lower Trenton, that is to 
say Black River group ; and Dr. Ells calls it a peculiar 
development about the age of the Trenton formation. 

Levis formation, referred by Dr. Ells to the Low- 
er Ordovician or Cambro-Silurian (lower Champlain of 
Emmons) ; and by Mr. Walcott to the Calciferous age. 

SiLLERY formation, divided into "Upper Sillery" 
with Obolella pretiosa and ** Lower Sillery*' by Dr. Ells, 
who refers both of them to the Cambrian (Taconic). 
Lower por- I Mr. Walcott includes the Upper portion of the Sillery 
tion of Ordo-"! beds in his Ordovician (Champlain) above the typical 

Potsdam of New York, and he is inclined to think that 
the Lower series of the Sillery is the source from which 
the * 'limestone conglomerate^ of the L^vis was derived 
which contains the OUnellus fauna^* 



Cambriali of 
Messrs. Ells 
and Selwyn. 



vician and 
the Lower 
Cambrian of 
Mr. Walcott. 



^At both places the Utica slate lies in discordance of stratification 
on the Taconic slates of the citadel and Quebec city group. By com- 
bined erosion and denudation, a patch of lower Utica and upper Tren- 
ton has slipped over the fall, and a tongue of Utica slate has been preserv- 
ed at the actual mouth of the Montmorency river in the St. Lawrence. 
Careful observations at Montmorency. Lorette, Quebec city, will con- 
vince every practical geologist of the occurrence of landslides in the 
whole area, from the moment that it become dry land or Terra finna, 
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TahU ihowing the correlation of the classifications and nomenclatures 
according to the observations of Messrs. Selwyn, Ells, Walcott 

and Marcoun 



Marcou, 1862. 



43 

P OQ 

o 



P no 
o 3n 

Q 



Utica Slates. 

Trenton. 

Chazy and Cal- 
ciferous or quartz- 
ites conglomerate. 



Break. 
No Potsdam. 
Quebec City. 
Pointe L^vis. 



Middle 
Taconic 

or 

Ellipto- 

cephalus 

Zone. 



Lower 
Taconic. 



Georgia or 
Upper Sillery. 



Chandi^re or 
Lower Sillery. 



Selwyn and Ells, 1889. 



o 
O 



Lorraine Shales. 

Utica Slate. 
Trenton withBlackRi ver, 
the lower beds are made 
up of recemented debris 
from the underlying 
gneiss. 

Quebec city or Lower 
Trenton ? 

Levis formation or Cal 
ciferous. 



No Upper Taconic, or 
Dikelocephalus and Bathy- 
urus Zone. 



c 
a 

u 

B 

o 



Sillery 



Upper Sillery. 



Lower Sillery. 



Walcott, 1890. 



< 

O 
> 

o 

Q 

< 
o 
> 

g 

o 



Lower 
Cambrian. 



The divergences ofclassification are still very great, although 
some progress has been made for the nomenclature; the 
Geological survey of Canada having abandoned at last the 
incomprehensible term of "Quebec group." After manj hesi- 
tations they have come to use my nomenclature of 1862, with 
the exception of the name Chaudi^re, for the principal divis- 
ions of the rocks of that area ; using the names of Quebec city 
group, Pointe Levis group and Sillery group ; which allow 
greater precision and a better understanding of the grouping 
of strata. For the present the three preceding tables are suffi- 
cient to show how matters stand, and I shall reserve a more 

until this day, as was proved last winter again by a landslide almost in 
front of the citadel. 

'Dr. Ells speaks of "conglomerate limestone" referring more •spec- 
ially ''to pebbles of conglomerate found in the conglomerates of the 
L^vis series." The so-called "limestone conglomerate" containing 
fossils at Pointe L^vis is not conglomerate at all, but a magnesian lime- 
stone with a sub-crystalline and fragmentary texture harder than or- 
dinary limestone. 
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detailed account of the geology of the vicinity of Quebec city, 
for my future paper on : "The Upper Taconic of Europe and 
North America." 

Rhode Island and Attlcborough (Massachttsetta.) — As far back 
as 1844, Dr. Emmons, with his extreme keeness of observa- 
tion and a true prophetic sense of deduction as a practical 
geologist, in classifying the oldest stratified rocks, recognized 
his Taconic system in Rhode Island, about ten miles from 
Providence, saying that he found there "a fragment of the 
Taconic system" (* 'Agriculture of New York," vol. i, pp. 90-93, 
Albany, 1846.) 

Lately Messrs. N. S. Shaler and A. F. Foerste have publish- 
ed a paper : **0n the geology of the Cambrian district of Bris- 
tol county, Massachusetts, with description of North Attlebo- 
rough fossils," in Bull, Mm, Com}}, Zool, vol. xvi, No. 2, 
Cambridge, 1888, which is simply a confirmation of the old 
discovery and observations of Emmons. A new example 
among the many already signalized of the correctness and 
excellent views and exact classifications of the father of 
American palaeozoic geology. 

As usual with the adversaries of Dr. Emmons, who want to 
obliterate his record, and replace his right of priority by 
English nomenclature, notwithstanding the many years which 
have elapsed between the American and the British discover- 
ies of primordial fossils, Messrs. Shaler and Foerste, not only 
have not used the national name of Taconic, but they have 
even neglected to quote the discovery of Emmons in Rhode 
Island, between Providence and Wrentham, Massachusetts, 
going so far as not to notice the well known reference of the 
stratified rocks of that little basin to the older paleozoic series. 
They say : "Various conjectures have been made as to the age 
of these deposits. They have been thought by one observer 
to resemble the Trias, while others, owing partly to their posi- 
tion, have assigned them to the Devonian age. Until I (Mr. 
Shaler) began my studies upon this district, the strata have 
afiorded no fossils, and the determinations above noted were 
purely conjectural." 

The determination of Emmons was not "purely conjectural," 
but based on lithology and stratigraphic position, being en- 
closed in a little basin of Primary rocks. The strata are 
formed of magnesian slates, inclosing lenticular masses of 



98 I%e American Oeoloffist Aug law 

limestone, exactly as in the original Taconic area, and the 
fossils found by Mr. Shaler — ^twenty in number — ^belong to the 
Georgia fauna, with identical species of those found by Dr. 
Emmons near Bald mountain in his original Taconic region, 
at Troy near Albany and at Bic Harbor on the St. Lawrence 
river. Here is the list of species : 2 Obolella, Fordilla troyensis, 
SceneUa^S Stenoth^ca^ Platyceras, Pleurotoinaria {Ra'phiBtoma),A 
Htjolites, Hyolitelhis^ SaltercU(i,Aristozoef 2 Microdiscus, Paradox- 
ides walcottii (is not a Paradoxides but the small head of Ellrp- 
tocephaliis asaphoidcs of Emmons), Ptychoparia mucronatvs 
(is identical in every respect with Atops triUneatus of Emmons), 
and Ptychoparia attlehorenis. 

That such a fauna, so different from the Braintree fauna, 
should be placed below, by Mr. Walcott, the paleontologist 
of the United States Geological survey, and synchronized with 
the Holmia zone or Scandinavian formation of Manuel's 
brook, is absolutely against all paleontological rules and 
against all our knowledge of Taconic paleontology (^'Position 
of the Olenellus fauna, etc.," pp. 388-389, Anwr. Jr. Sc, vol, 
xxx\ii. May, 1888.) 

Alleghany area. — It is probable that the Middle Taconic or 
Georgia formation extends south from the eastern part of 
the state of New York, following the eastern base of the Alle- 
ghanies or Apimlachian mountains. Indications of its exis- 
tence have been signalized many years ago in Virginia by Dr. 
Emmons, and more recently by others in the states of Georgia, 
Tennessee and Alabama. 

In Texas, strata older than the Upper Taconic, lie in dis- 
cordance of stratification under beds which contain the supra- 
primordial fauna or Olrnm zone. But until now no fossils 
have been found. 

Rocky Mountain area. — The Rocky Mountain region promis- 
es to be one of the most important fields for the study of the 
Taconic system. The development attained by the series of 
Lower Paleozoic strata in the Grand Cafion of the Colorado, 
in the Wasatch mountains of Utah, in the Eureka district of 
Nevada, and in the Castle mountains (Canadian Pacific rail- 
way near the fifty-first parallel), show beyond any doubt, that 
we have in those areas a complete development of the Taconic 
svstem. Onlv we shall have to wait for further research before 
we can outline all the great divisions, and before we can find 
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the homotaxis deposits of all the formations we know now to 
exist in the Acadio-Russian sea. 

Arizona. — In the Grand Canon of the Colorado, below the 
supra-primordial fauna beds, called the "Tonto formation,' 
there is in discordance of stratification, a great mass of strata 
of sandstone, shales and limestones, 12,000 feet thick, which 
until now have given very few fossils. The difficulties of 
search, in such ravined and almost perpendicularly cut strata, 
so far removed from inhabited countries, combined with the 
sporadic character of the appearance of fossils during the 
whole Taconic period, are sufficient reasons for the scarcity of 
the Grand Canon prim*ordial fossils. However, Mr. Walcott 
has found in a bed situated at a third of the thickness of the 
formation in descending order, three fossils : one Discinoid 
shell, an obscure HyoUtcxj and pieces of a segment of what 
seemed to be a trilobite — with such paleontological fragment 
it is impossible to synchronize with certainty, those beds with 
the great formations of the Middle and Lower Taconic. Only 
we can say, that it is a first hint of the existence there of a 
fauna which may prove to belong to the infra-primordial 
fauna, and may be referred with doubt and provisionally only, 
to the Esthonian formation or Schmidtia zone. The strata 
containing that very small fauna of the Grand Cafion has been 
called ''Chuar formation." 

Nevada. — The Eureka district of Nevada, explored with 
some detail by Messrs. A. Hague and C. 1). Walcott, presents 
a development of about 2,000 feet thick of strata belonging to 
the Lower and Middle Taconic. First, we have resting on the 
granite, the "Prospect Mountain quartzite,'' 1,500 feet thick, in 
which, until now, no fossils have been found. Being ])elow 
the Georgia formation or EUrptoccphalus ( Ok ncUut*) zone y an 
we shall see presently, those quartzites seem to represent the 
St. Albans group, or at least a part of it. 

Directly above the quartzite there are one hundred feet of 
red shale, surmounted by five hundred feet of magncsian lime- 
stone. Until now the limestone has not furnished fossils ; but 
the red shales are fossiliferous, and here is the list published 
by Mr. Walcott: OlrncUns (EUiptoccphnlHs) (filberii {^), Oh 
iddingsi^ Olenoides qxiadriccjts, Anomocnrc parvum^ Ptychopana^ 
Scaulla^ and Kut()r(jina. Farther up, in the magncsian lime- 
stone, in a band of shales, enclosed in the limestone, are the 
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following fossils : Olenoides quadriceps, Piychoparia, Agnostud 
and Scenella. All these fossils are forms closely allied to 
species of the Georgia formation in New York, Vermont and 
Canada. So we have in Eureka the upper part of the Middle 
Taconic or EUiptocephalus zone corresponding and the homo- 
taxis of the upper part of the Paradoxides zone or Bohemian 
formation of the Acadio-Russian areas. 

In the Highland range, 125 miles south of Eureka, the Geor- 
gia formation is well developed, containing the following 
fossils : Olenellus {JElliptocephalus) gilberti, 01. iddingai, Ptycho- 
paria and Hyolitcs. 

East of the Highland range, at 20 miles distance, in the Ely 
mountains near Pioche city, is the EUiptocephalus (Oknellus) 
zone with fossils having a complete Georgian aspect and facies^ 
such as: EUiptocephalus (OhneUus) gilbert i^ Olenoides typicalis^ 
2 Crepicephalus, Hyalites, Orthis, Acrotreta, Acrothele, Kutorgina 
and Lingulella. In regard to Olenoides typicalis, as professor 
F. Schmidt remarks in "Weitere Beitr^ge zur Kennt- 
niss des OleneUus Michxoitzi,^^ p. 4, St. Petersburgh, 1888, 
it is related to OleneUus (Schmidtia) mickwitzi, but differs 
greatly by the inferior part of the thorax below the telson ; it 
differs also in the pygidium and the head. The Olenoide, 
typicalis may be considered as a degenerate form and the last 
representative of the group of the Schmidtia, 

Farther south in Nevada, at the end of the Timpahute range, 
the Georgia fauna has been found by Mr. G. K. Gilbert, repre- 
sented by the two Elliptocephali, gilberti and iddingsL 

Utah. — In the Wasatch mountains of Utah, at the Big Cot- 
tonwood cafion, above 11,000 feet of non-fossiliferous strata, 
the Georgia formation was found with its characteristic 
fauna: EUiptocephalus (OleneUus) gilberti, Ptychoparia, Leper- 
ditia, Hyalites, Kutorgina and TAngulella, As no fossil has 
been found yet, in the 11 750 feet of strata below the horizon 
of the EUiptocephalus zone, there are strong hopes that we may 
find in that section the equivalent and homotaxical horizon of 
the other groups of the Middle and Lower Taconic. 

(*) The resemblance with Ettiptocephalui (Olenellua) thompsoni is 
such, that it is doubful, if it is a distinct species ; it is, at all events, a 
very closely allied species and a representative of the Georgia species. 
As to a generic identification with Holmia Kjerulfi^ it is impossible to 
accept it with such difference in the pygidium, in the thorax and in 
the head. 
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At Ophir city, in the Oquirrh range, Utah, the Georgia for- 
mation contains Elliptocephalus (Olenellus) gllberti, Bathyurii^ 
ciwand Linguhlla, And finally at Antelope Spring, in the' -*/ f/-^ 
House range, western Utah, Mr. Gilbert has recognized the "V,' * 
Georgian fauna composed o{ AgnostnSy OlenoideSy 2 Ptychoparia 
and Acrothele. 

British Columbia. — In the Rocky mountains of Canada, near 
the vicinity of the passes followed by the Canadian Pacific 
railroad, fifty-first parallel, the Taconic system is well develop- 
ed and occupies a most important place in the stratigraphy of 
that region. Dr. Charles Romingcr has first made known 
a primordial fauna, found at mount Stephens by an astrono- 
mer, Mr. 0. Klotz. The fossils described by Dr. Rominger, 
are : Oxygia klofzi^ Ox. senata^ Embolinvs spinom, Emb. rotunda^ 
Monocephalus mlteri? Conocephalites^ cordiUcriv.^ Bathyurus? 
Agnnstus, Hyalites, Orthisf Kutorgiiui, Metoptoma and Oholclla. 
("Description of Primordial fossils from Mount Stephens, N. 
W. Territory of Canada," in P'/'ocav/. Acad. Nat. Sc. Phil a del- 
phia, 1887, pp. 12-19.) 

Mr. R. G. McConnell has published in the "Annual Report 
of the Geological Survey of Canada for 1886," a description 
with an important section of the Castle Mountain group. He 
has found fossils at two different horizons; the lowest one in- 
dicates the Ellipioccphahis {Olcnclluf<) zone with an Elliptoceph- 
alm {Olenellus?), Vi Ptychoparia, and r Protypus. That small 
fauna rests on 10,000 feet of a series of dark colored argillites 
and sandstone, in which no fossils have been found 3'et ; but 
which very likely may prove to represent the lower group of 
the Middle Taconic and Lower Taconic, just like tlie St. Albans 
group of Vermont and the lower great series of Cottonwood 
cafion in Utah, and the Grand Cafion of the Colorado. 

Above the horizon of the Olenellus? (Elliptocephalus), at a 
distance estimated at 2,000 feet, Mr. McConnell has found the 
fauna described by Dr. Rominger, which seems to indicate for 
the Georgia formation of British Columbia a thickness four or 
five times greater than at the typical locality of Georgia, Ver- 
mont. But in such grouping of strata, in great dislocated 
masses of slate, it is impossible to give very exact measure- 
ments for thife different formations ; and we may regard the two 
horizons of fossils at mount Stephens, in the Castle Mountain 
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grou^T,-' As' belonging to the upper part of the Middle Taconic, 

\an J the homotaxical representative of the upper portion of the 

^ .'W ^^aradozides zone or Bohemian formation. 
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STUDIES ON MONTICULIPORA. 

By Dr. C. Rokinobr, Ann Arbor. 

This group of paleozoic fossils, very prolific in numbers and 
forms, familiar to every paleontologist in a general way, has 
nevertheless remained very imperfectly known until within a 
comparatively recent time, when the microscopic method of 
investigation began to be adopted by paleontologists. Among 
those who contributed to a more accuirate knowledge of the 
Monticulipora tribe Prof. AUeyne Nicholson was one of the 
foremost. His first publication on this subject, making part 
of the geological reports of the State of Ohio, is based on ex- 
amination of specimens, found in the Hudson River group in 
the environs of Cincinnati, conducted according to the old 
customary method, restricting itself to observation of surface 
characters, visible with the naked eye, or assisted by the use 
of an ordinary lens. Mr. Nicholson himself claims 
this part of his work to be merely a preliminary first attempt 
to arrange the numerous differentiated forms before liim, 
within certain definite specific limits. In a second publication, 
entitled "Ou the Structure of the Trt^M^afe Com/.s," his results 
are derived to a great extent from the microscopical examina- 
tion of thin sections, whereby a number of characters dis- 
closed themselves to him which previously had escaped his 
notice, and which in many instances demanded more or less 
important changes of his formerly expressed views. The 
subsequent continuance of these microscopical observations, 
constantly adding new facts, involved for him the necessity of 
many other progressive modifications of his views, which are 
laid down in his last publication ^^On the Structure and Affini- 
ties of the gcnu>s Monticulipora,^'* Therefore passing review over 
his works, only the statements made in tliis last essay can be 
taken as the true exponents of his temporary standpoint, 
which, in his own opinion, is susceptible of great improvements 
by the prospective discovery of new facts by his followers in 
the same line of study. 
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About the same time that Mr. Nicolson's publications appear- 
ed Mr. E. 0. Ulrich, of Cincinnati, took up the study of the 
monticuliporoid family as a specialty and made the results of 
his labors known through a succession of essays appearing in 
the Journal of the Cincinnati Society of Natural History. 
Later, in the fourteenth annual report of the Geological Sur- 
vey of Minnesota, he gives descriptions of quite numerous 
representatives of this group, and just recently, his contribu- 
tions to micropaleontology of the Cambro-silurian rocks, came 
out as a part of the geological reports of Canada. We are 
also promised by him an explicit treatise on Bryozoa in the 
eighth volume of the Geological Survey of Illinois, not yet 
printed. The diflferent publications of Mr. Ulrich give credit- 
able testimony of his zeal and his ability in'making observa- 
tions, but it is to be regretted to see him attribute to every 
trifling modification he observes in these structures an undue 
importance which induces him to propose on the strength of 
these, a fabulous number of generic and specific distinctions, 
which, instead of helping the reader to a quick and clear per- 
ception of the typical features of the very numerous represen- 
tatives of this group, inundate his mind and memory with a 
flood of vague definitions which is bewildering and repulsive. 

As I had always felt a particular interest in the study of 
this same group of fossils and had published, twenty-five years 
past, a small essay, entitled **0n the Structure of Cha^tetes 
and Related Forms" in the proceedings of the Academy of 
Natural Sciences of Philadelphia (1866), I take the occasion 
now to communicate the results of continued studies in this 
direction, which filled out a good many of my leisure hours 
during later intervals, by passing a critical review over the 
works of the two mentioned writers, whereby opportunity 
offers itself to corroborate many of their observations, and on 
the other hand, points of disagreement in observations, or in 
conclusions based on such, can be most conveniently argued. 

In the first chapter of his work on MontlcuHpora Mr. Nichol- 
son explicitly discusses the general history of the genus Mon- 
ticulipora and hereby gives expression to the views entertained 
by himself. A second chapter treats on the general and com- 
parative structure of Monticulijwm, which genus in its wider 
sense he defines as "Forms in which the corallum is composed 
of numerous closely approximated tubular corallites, the 
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walls of which are never absolutely amalgamated with one 
another. Walls imperforate ; septa entirely wanting ; tabulse 
always present in greater or less number, though sometimes 
obsolete or nearly so ; generally 'complete' and approximately 
horizontal ; sometimes in a peculiarly modified manner in- 
complete.'' Corallites usually divisible into two distinct groups, 
one of large, the the other of small tubes ; the latter being 
usually, but not always, more clo.sely tabulated than the 
larger tubes, or showing other peculiarities of structure. 
Surface often, but not always, exhibiting at regular interval.s. 
definite areas which are occupied ])y corallites which are either 
larger or smaller than the average. These areas may be 
elevated above the general surface, when they are called 
inoiUicuJcSy or they may be level with the surface or slightly 
depressed below it, when they are called ^"macnhny He then 
goes on to describe the formof the corallum, as being extreme- 
ly variable, though often constant for the same species. He 
distinguishes a massive, a discoid, dendroid, laminar or 
frondescent and an encrusting mode of growth, whereby often, 
particularly in the dendroid forms, an obvious differentiation 
of the corallum into an axial and peripheral region exists 
In the axial region the corallites are generally thin walled 
and angular, often with few tabula}. On the other hand, in 
the peripheral region the corallites are often thick walled, 
commonly rounded, and usually with many tabula? ; likewise 
the statement is made that interstitial tubular and the so- 
called spiniform corallites, if present, are most generally con- 
fined to this peripheral region. This differentiation into an 
axial and peripheral region is less developed in forms of mas- 
sive or discoid mode of growth. Considering the structure 
of the tube walls of Monticulipora Mr. Nicholson points out 
the general duplicity of the walls of contiguous tubes, which 
in certain forms is permanently preserved, as for instance in 
M. troitoyiciisis, M.jamesi and others. In other forms, such 
as M. undulataj pctropolitanay etc., the walls are so thin and 
so intimately united that in sections they present themselves 
as delicate dark lines without structure. In a third group 
represented by M. ramosa, M. oiualliy etc., Mr. Nicholson 
describes the substance of the dividing walls sufficiently 
thickened as to exhibit a dark ring in the circumference of the 
orifices, but the outer limits of the juncture of the adjoining 



Studies on Mo7iticulipora. — Romiiiger, 105 

walls are merely indicated by an intermediate lurid space 
without a line of demarkation. Finally he mentions M. an- 
drewtiliy M, gracilis^ M. moniliformis as examples which exhibit 
an amalgamation of the adjoining walls to such an extent that 
the substance intermediate between the visceral cavities 
appears as a homogeneous mass of high-colored sclerenchyma, 
barely showing in the neighborhood of the actual tube cavities 
some fine concentric lines of deposition. These enumerated 
modifications in the wall structure are to my con(?eptions not 
the exponents of a real difference in their organization, but 
merely specific variations of the same structural type. 

The superimposed obliquely ascending layers of scleren- 
chyma, well represented in fig 3, page 40, of Mr. Nicholson's 
work, are, in my opinion, not a structural peculiarity, con- 
fined to the terminal part of the tube-walls, but the entire 
tubes, from base to top, are built of a succession of similarly 
superimposed oblique layers, which unite in an arch or under 
a more or less acute angle with similar layers of the adjoining 
tubes. No part of the wall is structureless, as Mr. Nicholson 
expresses it, but I admit that the mode of preservation and 
the delicacy of the tube-walls often obscures the traces of 
structure. The mentioned succession of obliquely super- 
imposed sclerenchym layers not only builds up the outer 
walls of the tubes, but all the tabula? intersecting the tube 
cavities are a direct continuation of such layers, periodically 
spread across the channel and constituting then a regular cup. 
It is the same process of growth that builds up the calyx of a 
cup coral with its transverse tabulae, but 1 am far from sug- 
gesting a relationship ; my inference is only to show how 
nature often uses the same means in the accomplishment of 
organic structures of altogether different affinities. 

A very common superficial character of Monticulipora and 
allied forms is the occurrence of numerous nodular or spire- 
like projections, located in the circumference of the tube 
orifices and on the angles of junction between the tubes. 
Among the specimens described by Milne Edwards from the 
strata of Cincinnati, he observed in one of the kinds, numer- 
ous stout spinules disseminated over the surface and consider- 
ed this to be a character of sufficient importance to distin- 
guish that form from the associated Monticuliporas as a 
peculiar generic type, under the name "DeAaya," which dis- 
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tinction has always been accepted by Mr. Nicholson and by 
Mr. Ulrich. 

In the previously mentioned essay published by me in 1866, 
I objected to the separation of this form, from Monticulipora, 
on the ground that an overwhelming majority of all the forms 
comprised under the name MonticuUporay is provided with 
similar spinulose prominences, and that in the structure of 
the so-called Dekaya no other peculiarity can be pointed out, 
in which it differs from Monticulipora proper. I suggested 
also, that these spinules were of subordinate functional value, 
as in the same specimens a portion of the surface may exhibit 
spinules, while in another none are observable. 

Mr. Nicholson is inclined to attribute to these superficial 
prominences a greater physiological importance, by compar- 
ing tfiem with the ordinary corallites, as being a peculiarly 
modified form of Zooide, which he designates by the name of 
"Spiniform Corallites," and describes as blunt, usually im- 
perforate projections, in which he exceptionally could some- 
times discover an apical aperture. From the appearance of 
thesie spines in thin sections, their composition of concentric 
laminae of sclerenchyma, with a dark, or a clear lucid space in 
the center, leaves no doubt in him, that these structures are 
primitively hollow, and represent a peculiar modification of 
corallites,whose cavity becomes in progress of growth filled 
up with a secondary deposit of sclerenchyma. 

I have examined several hundreds of sections of Monticuli- 
pora specimens provided with spinules, and admit the correct- 
ness of Mr. Nicholson's observations, that these structures 
resemble, in tangential as well as in longitudinal sections, 
tubules with very thick concentrically laminated walls, and 
that in some instances even an actual central canal seems to 
exist, usually, however, the center of these spinules is solid, 
originally so, and not as Mr. Nicholson thinks, by a secondary 
process of deposition, replenished with sclerenchyma. 

The lucid central portion of the spinules, supposed to have 
been the former channel, is not defined from the surrounding 
laminated sclerenchyma mass, but merges into it by insensible 
gradation. If these spinules were actually tubules in structure 
and analagous to the ordinary tubules of the corallum, they 
should also be built up according to the same plan with the 
others, but this is not the case. The ordinary tubules are. 
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as has been incidentally described before, built up by a suc- 
cession of delicate layers, directed from below, upward and 
outward. Periodically their cavity is intersected by trans- 
verse diaphragms, which likewise are an extension of such 
layers across the tube-channel, in which case the deposited 
layers form a closed cup, and the whole length of the tube 
may be considered a succession of similar cups, one invagina- 
ted into the other and open toward the periphery. The 
structure of the spinules, with regard to their supposed cen- 
tral cavity, is just inverted ; their lamination, in perfect ac- 
cordance with the lamination of the ordinary tubules, holds 
an ascending anticlinal position toward their central canal 
and forms a series of invaginated cups closed at the apex and 
not in the bottom, which excludes the possibility of a central 
channel, opening on the surface, like the other tubules. To 
my conception the spinules are an integrant part of the or- 
dinary tube-walls, whose margins, ^y exuberance in secretion 
of shell matter, form nodular prominences in certain spots of 
their circumference, which, amalgamating with similar prom- 
inences of the adjoining tube-walls, contribute the spinules. 
On the line of junction between these joining walls, usually 
an uninterrupted continuation of the lamince, from one side of 
these conical prominences to the other, can be observed, but 
sometimes on this line, by incomplete amalgamation of the ends 
of the anticlinal layers a central vacant space is left which re- 
sembles the channel of a tube, but the physiological functions of 
such merely occasionally developed tubular space8,are not com- 
parable with those of the ordinary tubes, which are the domi- 
cile of an organism secreting this calcareous structure, in 
layers conforming to the shape of its body. The channels, 
perforating exceptionally the center of the spinules, have no 
walls of their own ; they are surrounded by the walls of neigh- 
boring tubes, whose structural channels hold an anticlinal 
position toward the cavities of the spinules, which structure 
is a positive proof that these channels cannot be a specific 
modification of tubular Zooecia, or else they would be enclosed 
by independent walls,ofthe make of the inhabitingZooidia,which 
walls would hold necessarily a synclinal and not an anticlinal 
position of their lamination toward the cavity, as the case is. 
The occurrence of spinules is generally restricted to the 
peripheral ends of the tubes, they form columnar, incrassated. 



108 The American Geologist Aug.i«90 

longitudinal streaks in the wall substance, within the extent 
of the peripheral area, (Wandstraenge, Dybowsky) of the dif- 
ferent MonilcuVipora species, while in Stenopora, as a rule, this 
incrassation is subject to periodical int<>rruptions, and 
appears in vertical sections through the branchlets, as a series 
of beads, stringed together, instead of presenting continuous 
columns as in Montiadiponi. 

It may be of interest if I remark on this occasion, that in 
none of Silurian, Devonian or lower Subcarboniferous mowti- 
culiporoids this beaded appearance occurred to me, but that 
specimens from the Chester group and from the diflerent 
strata of the Coal Measure8,all exhibit this beaded appearance, 
and besides have a large central perforation of their dia- 
phragms, which, according to Nicholson, is another essential 
character of StenojiDra. A third characteristic feature of 
Struopnra- mentioned hy Prof. Nicholson, a perforation of 
the tubes by connecting pore-channels, I have not been able 
to recognize in any single instance, although some of the ex- 
amined specimens were so favorably preserved that if such 
perforations existed they could not have escaped my observa- 
tion. 

The previous expositions regarding the occurrence and 
structure of the spinules in Montindipora are not very favora- 
ble for the sustenance of Mr. Nicholson's suggestions that 
these structures have a functional analogy with the ordinary 
tubes and deserve therefore to be designated as " spiniform 
corallites." I may be equally at fault, considering these or- 
gans as merely ornamental, because I know nothing definite 
about their vital functions ; but the circumstance that in parts 
of one and the same specimen spinules are often abundantly 
developed, while in other parts of the surface they are entirely 
missing, or only thinly scattered, seems to me a satisfactory 
indication that their functional importance cannot be very 
great, and at all events not essential for the \'ital existence of 
such specimen. 

In the same category with the ordinary superficial spinu- 
lose projections probably belong s])inules, which I discovered 
recently on inner circumference of the tube-channels of Mont- 
iadiporn moniliformis Nicholson. They are accurately similar 
to the spinules represented by Mr. Nicholson on page 69 of 
his work, in the tubes of Hcteropora neozclandira; in tangen- 
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tial sections from four to seven of these can be seen encircling 
the lumen of the tubes, not all of them stand on the same 
level, nor in longitudinal rows, but they are scattered singly 
all over the inner cavity without apparent order. Similar 
spinules I found in great numbers covering the inner surface 
of the tubes of a MoatlcvUpora or Stennpora from the Chester 
group of Arkansas. With reference to Mont. moniJiJ'omris I 
have to state yet the perfect independence of the inner hori- 
zontally projecting spinules, from the much larger ones, ver- 
tically projecting above the angles of junction between the 
tubes. The discovery of spinules covering the inner surface 
of the tube-channels in a few species of Mnntlndipora and 
their absence in the majority of other species, while it proves 
a wider distriljution of this structural character than previous- 
ly was known, the restriction of the appendages to a few 
species only, demonstrates at the same time, that their 
functional value cannot be very great, no more than a specific 
peculiarity, of the same order, as the more generally develop- 
ed superficial spinules. Proceeding with the chapter on the 
comparative structure of Monticulij)ora, Mr. Nicholson de- 
scribes the corallum of Monticulipora as being generally dimor- 
phic, explaining, that he does not follow the current opinion 
regarding the minute tubules, interstitial between the larger 
ones, as young corallites, or as coenenchymal tubuli, but re- 
ferring to Mr. Moseley's researches on the living Helloporay 
he feels himself thoroughly satisfied that in ,}fonticiiIlpora a 
similar dimorphism exists to that in Helutjmm, and that the 
different sets of tubes in MonticnUpora are inhabited by differ- 
ent sets of Zooids. He admits, however, that there are forms 
of Monticulipora resembling the dimorphic species, in which 
all of the corallites of the colony are apparently similar in 
their internal structure and approximately equal in size, of 
which he hesitates to assert positively their dimorphism. 

Discussing the nature of the tabulae, the form and arrange- 
ment of these structures in difierent corallites of the colony, 
Mr. Nicholson goes on to state that they are never wholly 
absent in any form of Monticulipora, but sometimes entirely 
wanting in portions of the corallum. That the tabula? are in 
the majority of monticliporoids'*complete"horizontal or curved, 
but that in other forms a peculiar incompleteness of the 
tabulae occurs, whereby an excentric or sometimes subcentral 
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large perforation interrupts the continuity of the much curved 
obliquely downward-bent diaphragms, which in longitudinal 
sections appear like a string of imbricating vesicules adher- 
ing to the sides of the tubes and leave an open channel along- 
side of them, which usually is found intersected periodically 
by straight diaphragms extending from the vesicules to the 
opposite free portion of the side walls. Occasionally these 
incomplete tabulae have also the shape of short-tubed funnels 
one invaginated into the other. The set of small tubules, 
usually developed in the forms with incomplete tabulse, is 
in distinction from the large tubes always intersected by 
closely approximated and complete straight diaphragms. 
Concerning the occurrence of longitudinal septa within the 
tubules of MonticuUpora Mr. Nicholson with propriety remarks 
that nothing of septa, in the proper sense of the term, has 
ever been detected. The indentation of the orifices frequently 
observable in certain spinulose forms of Monticulipora is 
caused by a merely accidental projection of spinules into the 
orifices, whose outer margins they occupy, and is not at all 
comparable with the radiation of septate corals. Also the 
spinules which I discovered in the tube-cavities of MonticuU' 
pora wonilifonnis Nicholson, and in another Carboniferous 
species not yet named, are no exception to this rule, as they 
have no analogy with radial septa. 

In the third chapter of his book Mr. Nicholson gives first his 
opinion on Prof. Lindstroem's views, who thinks Monticulipora 
to be only a certain stage in the developement of a DiMopor- 
ella or Ceramopora^ passing first through a transitory Fisiuli- 
pora stadium, and finally in its full developement representing 
a Monticulipora. This totally erroneous conception, is repudiat- 
ed by Mr.Nicholson as in direct opposition with his own obser- 
vations, and I fully concur in this repudiation not only be- 
cause observations on American specimens prove a total inde- 
pendence of these 3 generic types, but also because specimens 
I received from Mr. Lindstroem, to demonstrate his assertions, 
after careful examination,exhibited an alternate incrustation of 
one form by the other, but no genetic connexion whatever. 

In a second paragraph of the third chapter, Monticvlipora is 
compared with the Mesozoic and yet living genus Hcteropora. 
After consideration of many points of resemblance between the 
two, the perforated walls of Hcteropora and the spinules pro- 
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jecting into their tube cavities appear to Mr. Nicholson differ- 
ences of sufficient import to abrogate a real close affinity be- 
tween the two genera. The occurrence of spinules within the 
tubes of certain species of MoniicuU'pora^ which is stated by me 
previously, invalidates one of the supposed principal charac- 
ters of differentiation, but notwithstanding this, I concur in 
in Mr. Nicholson's opinion, believing, that the perforated 
structure of the inseparably united tube walls of Ileteropora 
not differing in any way from the smaller interstitial tubules, 
is for itself alone, a difference, derogatory to a very close rela- 
tionship between Monticulipora and Hctcropora, but I still be- 
lieve that Monticulipora stands in its general organization near- 
er the Bryozoa than the Alcyonaria, which latter are regarded 
by Mr. Nicholson as the group to which Mont iculiporahelongB. 
In chapter IV, the relations of Monticulipora to Chxtctes, 
Stcnopora^ Teiradium Ceramopora and Ileterodictya are ex- 
pounded in a mode, which in a general way meets my appro- 
bation. Chaitetes is defined, as composed of inseparably unit- 
ed tubules of one kind only, which multiply by division, in- 
stead of lateral gemmation, as Monticulipora exhibits it; these 
forms first appear during the Carboniferous period. Another 
form, beginning at the same period, is Stenopora Lonsdale, re- 
defined by Mr. Nicholson, as resembling a typical ramose Mon- 
ticulipora, whose tubules in the peripheral area of the stems 
undergo a process of incrassation, with periodical interrup- 
tions, while in Monticulipora this process of thickness went on 
uniformly. This periodicity in the accretion gives the walls 
of Stenopora an annulated appearance like a string of beads. A 
further peculiarity of Stenopora is found in the structure of its 
diaphragms, which in part being complete and flat, exhibit in 
another portion a large sub-central perforation with a thickened 
slightly deflected rim round this opening. A third generic 
feature, ascribed by Mr. Nicholson to Stenopora^ is very ques* 
tionable in its reality ; this is a perforation of the tube walls by 
communicating pores as in Favosites, In his statements he 
relies on specimens of Stenopora jackii from Australia in 
which he claims to have discovered the unmistakeable exist- 
ence of such pores, while on the other hand he admits his fail- 
ure to discover similar pores in other species of Stenojwra. 
which came under his observation. In a number of specimens 
found in the Chester grouj) of the Mississippi valley and in the 
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Coal Measures al)ove, I could plainly recognize the beaded 
structure of the tube walls and the centrally perforated dia- 
phragms, typical for Stenopora, but in none of the numerous 
sections made of specimens of this kind I was able to observe 
the presence of connecting mural j)ores. I express therefore my 
earnest doubts whether any species of Stenopora is provided 
with such channels of communication. 

In the further progress of comparisons the general resem- 
blance of Tetradiiiin to the massive forms of MoniicuUpora is 
mentioned, but considering the structure of the first, of insep- 
arably united tubules of one kind only, which exhibit from 3 
to 4 inflexions of their walls, which project into the cavity as 
prominent longitudinal sej)ta, besides a different character in 
the transverse tabulation. Mr. Nicholson comes to the appro- 
priate conclusion, that there exists no closer relationship be- 
tween the two genera. 

Comparing Cemmnpura with Montindipom he recognizes a 
much closer affinity, but considers the generally oblique posi- 
tion of the tube orifices to the surface in Ceranurpora and the 
projecting rim surrounding them, besides a difference in the 
nature of the interstitial cell spaces of the compared forms, as 
peculiarities of sufficient imj^ort to separate them as generical- 
ly distinct. 

A fifth chapter is devoted to an attempt of subdivision of 
Mont iculi pom in its wider sense, into subordinate groups, and 
from a standpoint of practical expediency he distinguishes 
from MoiiticnUpora in a more restricted sense, the genera i^/^fw- 
lipora and ConsteWtria, and Dekaya, although he admits a very 
close relationship between them and Montindipora inopcr. He 
then correctly points out the differences between Fistidipjora 
and Moiiticallpora^ but I believe commits an error in identify- 
ing Fititidipora with CaUopora of Hall, the type form of which 
is CaUopora elegant ida. The interstitial cells of this latter form 
have always the shape of cloudy tabulated conical tubules, 
intercalated between the peripheral portions of the larger tubes 
and not developed in the central portions of the stems, and 
the orifices of the larger tubes, opening rectangular to the sur- 
face never project with free rims above the general surface. In 
Fistxdipora the orifices of the larger tubes always open more or 
less oblique to the surface and project with an annular, or one- 
sided labial rim, over the general surface. Its interstitial cell- 
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spaces are much more numerous and take part in the consti- 
tution of the corallum throughout its entire mass ; moreover 
these interstitial cells never have the form of gradually enlarg- 
ing conical, closely tabulated tubules, but are arranged in 
superimposed vesicular layers with laterally interlocking vesi- 
cules incompatible with the presence of a common wall inclos- 
ing the superimposed cellspaces of very unequal dimensions. 

Mr. Nicholson aware of this fact, draws a comparison be- 
tween Ileliolites and Propora which differ among themselves in 
a similar manner, one having an obviously tubular interstitial 
tissue, the other presenting like Fhstuliporn,hiyeTB of interlock- 
ing vesicules As this comparison implicitly admits an equal 
difference between Fistuh'pora and C alio j)or a, as we observe it 
in Heliolites and Propora, it follows that Mr. Nicholson ac- 
knowledges to Callopora the same typical independence as ex- 
ists between HeliollUs and Propora, SijclUa. On this occasion 
I feel induced to remark that the above comparison strikingly 
illustrates how nature repeated its structural designs in widely 
different organisms in almost exactly the same manner. Con- 
stellaria Dana, is by Mr. Nicholson considered as synonym 
with Stellipor aHall. Mr. Ulrich thinks the two differ essential- 
ly. As I have never seen an authentic specimen of Stelliporay 
I can give no definite opinion, but it appears to me, that an 
identification of the Hudson River group fossil with the form 
described by Hall as Siclliporn. a nth do idea is not justified by 
the figures given by Hall, and also his description of the 
unique specimen, does not apply to Constellaria of the Hudson 
River group. 

In the above mentioned essay, published by me in 1866, I 
had from the external appearance of Comitcllan'a, which in 
many respects resembles /V^/i(77j>ora,inferred their generic iden- 
ty, and also Mr. Nicholson considers them so closely related 
that he is in doubt whether a generic separation of the two is 
advisable. Examination of thin sections, however, has since 
fully convinced me, that except this external similarity, there 
is little resemblance in the structure of Constellaria and Fistu- 
lipora. In the latter, the interstitial vesicules are equally de- 
veloped through the entire corallum and form an interlocking 
continuous plasma, into which the larger tubules are immersed. 
In Co7istellaria the interstitial cells are confined to the peri- 
pheral crusts of the stems, whose interior is exclusively formed 
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of the larger kind of tubules, and the peripheral interstitial cells 
are not an indiscriminate mass of interlocking vesicules, but 
evidently are transversely tabulated conical tubules, correspon- 
ding with those, peculiar to the species of Moniicalipora^ which 
Mr. Nicholson assembled under the name Heierotrypa, 

The genus Dekaya of Ed. & Haime has been accepted by 
Mr. Nicholson with the remark that its distinction from spin- 
iferous species of Mont Iculipora is merely an arbitrary one by 
which the species can be conveniently distinguished as a group 
apart, but in reality such distinction is an endless source of 
confusion. The great majority of all Monticuliporas are pro- 
vided with spinules and a distinction of forms with large and 
more distant spinules from those with smaller ones is as 
vague as the difference between large and small, without hav- 
ing a defined standard of magnitude for comparison. On the 
other hand are those spinulose prominences in none of the 
forms, provided with them, equally developed ; some portions 
of a stem may be conspicuously ornamented with them while 
another part of of it does not exhibit any. I reject, therefore, 
the acceptance of Dekaya as being an obnoxious ballast to the 
science. 

Montiridipom. in its restrictive sense, is defined by Mr 
Nicholson as : '^Coralla composed of tubular corallites which 
are mostly of two kinds, differing from one another in relative 
size and also in their tabulation. The small corallites are 
never so greatly developed as to entirely isolate the larger 
tubes except in an occasional corallito, nor do they form star- 
shaped elevated monticules. The tabular of the small coral- 
lites never become vesiculose, nor are even their walls oblit- 
erated. Spiniforni corallites commonly present and may 
project above the surface as blunt spines, but they do not form 
cnuHpieuous surface columns." 

The j^enus as above defined includes a large number of forms 
exhibiting great variations in internal structure. Mr. Nich- 
olson tlierefore provisionally proposes a sub-division of the 
rio-rninied ^enus in a uum])er of sul)genera. These are : 

*'/, Jlrtrrntrj/jffi; ^\ Diplotri/iKf; o*, MitnotrmKi; Jf. Pnisopani; 
.'*, IVnmnpnra.'' 

llrtrrotrifjui includes conspicuously dimorphic forms with 
two sets of corallites of diflerent sizes. The larger ones of sub- 
polyj^onal or sometimes rounded shape are more or less thick- 
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transformation into normal larger tubes. In species like 
H. moniliformis a dimorphism can scarcely be claimed, as only 
a very limited number of smaller interstitial tubules occur, 
which do' not differ in structure from the larger ones and by 
right can be considered as young ordinary tubes. 

The snb(/ciiu.^ Dijjlotnjpa is intended to embrace specimens 
of hemispherical growth, with obviously distinct sets of larger 
and smaller tubules, w^hich latter are much more septate than 
the larger ones and are uniformly developed throughout the 
corrallum from its basal commencement to the upper surface. 
There is also no thickening of the tube walls observable as 
they approach the periphery, but this is not a typical pecu- 
liarity for Diplotrmm, but in all other forms of Monticidipora, 
which grow in globular or hemispherical masses, the tubes do 
not appreciably thicken towards their peripheral ends. On 
the contrary all Monticuliporas of ramose growth become 
much more thick-walled near the surface than they are in the 
central parts of the stems. 

The subgenus Prnsopora perfectly corresponds with Dijjlo- 
tnjpa in mode of growth, the only difference between the two 
is, the development of incomplete vesiculose diaphragms 
aside of ordinary (complete tabulie in Praacrpora, while 
in Diplotri/jia only complete transverse tabula? occur and 
no vesicular ones. As in many instances the developement 
of vesicular incomplete diaphragms occassionally occurs, 
where as a rule only complete ones are observed, and as in- 
versely specimens of typical Prnsopora exhibit not rarely a 
part of their larger tubes intersected by complete transverse 
tabula} only, with almost total exclusion of the incomplete 
vesicular kind, in such case the structure of the corrallum is 
absolutely identical with that oi Diplohnjpa^ and as the develop- 
ment of vesicular diaphragms is an invariably constant struct- 
ural feature of Prnsopora in all the specimens or portions of 
specimens, I am of the opinion it would be better to suppress 
Diphtrypa altogether and subordinate the forms concerned to 
Prasopora^ allowing in its definition the exceptional want of 
development of incomplete vesicular diaphragms. The only 
difference is, that the tubes in Prasopora are not perceptibly 
incrassating as they approach the periphery, while in Perono- 
pora the tubes are subject to a considerable thickening process 
in the pheripheral parts of the coralla. Mr. Nicholson states 
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also that the mode of growth in Peronopora is either laminar 
or incrusting, but there is besides a number of species of truly 
ramose growth, which harmonize in general structure with 
Peronopora. Among these I mention the forms which Mr. Ulrich 
has described under the name of Homotrypa, and which do not 
seem to have come under the observation of Mr. Nicholson. 
It has been remarked on a previous occasion that in all species 
of Monticulipora growing in hemispherical or subglobular form 
whatever other specified peculiarities they may have, the tubes 
are not subject to an incrassation as they approach the surface 
and on the other side, that invariably, with the ramose growth, 
a thickening of the tube walls near the surface is coincident ; 
considered from this standpoint the whole difference between 
Prasopora and Peronopora rests on a difference in the mode of 
growth. 

The fifth subgenus Moiiotrypa, comprises the forms whose 
tubules show no dimorphism,but are all of one kind. Some of 
these, located on or around the monticules, or in correspond- 
ing not elevate spots, are of somewhat larger size than the re- 
mainder, but they otherwise do not differ in structure from 
the smaller ones. Usually a few small angular cell openings 
are observable between the orifices of the ordinary tubes, but 
in sections it becomes evident that also these are only young 
tubules orignating by lateral gemmation from the older ones. 

Certain species as for instance M. monilifomiis are by Mr. 
Nicholson arranged under the genus Heteroirypa^ but accord- 
ing to their structure their appropriate place is with Monotrypa. 

These subdivisions of Monticuliporaj considered as an expe- 
diency for general orientation, concerning the developement of 
certain structural characters, peculiar to a group of certain 
species and not, or not so well, developed in others, I find ap- 
propriate, but the division lines drawn by Mr. Nicholson be- 
tween these groups,are no more than an artificial arrangement, 
placing the principal weight on a certain structural character 
in one instance, and in another on some other character, where- 
by frequently forms otherwise not closely related on account of 
the conspicuity of this one character, are assembled into one 
group, and on the other hand, closely related forms difiering 
only in that one special point, are for such reason severed and 
disposed of in difierent groups. 

As it regards the establishment of the precise limits of cer- 
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tain species described by Mr. Nicholson I find not rarely that 
the material under his observation must have been insufficient 
or that his observations lacked in accuracy. Mr. Ulrich decid- 
edly is the more accurate observer of the two, although his 
vivid phantasy sometimes makes him believe he sees things 
which do not exist (for example the pores connecting the tubes 
of his Homotrypa)^ but comparing the work of the two writers 
Mr. Nicholson^s method of doing his work is far preferable to 
Mr. Ulrich's. The first strives to give his scientific communica- 
tions in the shortest possible condensation, the second comes 
out with pompous display as a radical reformer. On the one 
side he parades on every possible occasion with the Darwinian 
evolution theory, speaks of the ancestry and derivation of cer- 
tain forms, of prophetic types, and of analogies quite dubious 
in reality, still in total contradiction with the evolution theory. 
He tries to potentiate the most trifling differences in the struc- 
ture of the examined fossils to a magnitude which is incom- 
patible with specific'or generic identity ; and then, of course, 
such widely differing typeforms must have names, specific or 
generiCjWith Mr.Ulrich's signature behind them. Funny enough, 
Mr. Ulrich sometimes seems to feel himself embarrassed about 
the too prolific crop of his genera, for instance on page 247 
while defining the genus AtactoporeVa he says, '^thc new fjenus 
differs from Atactopora, in having nximcrous closely tabulated in- 
terstitial ccllSy cijstoid diaphracjms in the proper zooeia and thin 
instead of thick 2f}alls.-^ Now comes the self-consoling phrase, 
^^Theae are all good generic charactersy^^ etc., which expression in 
my mind raises the suspicion that Mr. Ulrich was not so very 
sure whether the three mentioned characters reallv deserved 
such valuation. 

To enter into a special critical review of the proposed sys- 
tematical schemes of Mr. Ulrich would be a tedious task, and 
extend the bulk of this essay far beyond its intended limits. 
Many of these eccentricities will soon fall into oblivion with- 
out contradiction, but in justification of this summary dis- 
posal of the matter, a reproduction of the list of generic names 
applied by Mr. Ulrich to the several members of the group of 
fossils formerly and at present considered to constitute the 
single genus Monticidipora, will for a good many persons be a 
satisfactory excuse. 

1. Monticxdipora is for Ulrich represented in M, mammidata 
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D'Orby, which in Mr. Nicholson is a Peronopora, and by nine 
other species of his own make, four of which are not yet de- 
scribed. 

2. Heterotrypa Nichols, is acknowledged, but of the seven- 
teen. species Nicholson places under this group, but two are in 
Mr. Ulrich's opinion, representing the genus ; among these, 
however, he adds to the two, several other species described by 
himself. 

3. Diploirypa Nicholson is taken as valid. 

4. Monotrijpa Nicholson likewise, but only Movotrypa vnfiv- 
lata is a true representation. M. quadrata and some other forms 
described by himself are 

5. Monotrypella Ulrich. 

6. Praaopora Nicholson is enriched by a number of new 
species of Mr. Ulrich's. 

7. Peronopora Nicholson likewise receives a number of new 

representatives. 

8. Homotnjpa Ulrich are specimens of ramose growth very 

similar in structure to Peronopora, 

9. HomotrypeUa Ulrich differs from No. 8 by more abundant 
interstitial cells. 

10. Stenopora Lonsdale redefined by Nicholson is accepted. 

11. Callopora Hall according to Ulrich embraces also the 
forms like M rugosa, M. ravwsciy M, dahi M. Edw. M. andrewsii. 
Nichols., M. o'nealll Nicholson, which association also in my 
own opinion is supported by a very close similarity in the 
structure of tliese forms. 

12. CalloporcUa Ulr. grows in thin expansion in distinction 
from the ramose form of Callopora. 

13. Ample xopora Ulrich is designed for several species de- 
scribed by Ulrich, but embraces also Nicholson's species Het- 
crop. mo/n7?fW;/iM, harrandil, M. discoidea Nich. and others. 

14. Batostoma Ulrich is represented by Hctcrotr. janiesii Nich. 
and by H. iinplicata. besides various of Mr. Ulrich's own 
species. 

15. Batosomella represented by Heterotr. gracilis Nicholson be- 
sides several new species of Mr. Ulrich. On comparison with the 
description of Batostoma with the one given of itself, only dif- 
fers from the former by the remark **Cell apertures small." 

16. Leioclcnia Ulrich, enumerated by him among the monti- 
culiporoids, is the form described by Hall under the name 
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Callopora punctata. In my opinion it does not belong in this 
association and represents an independent type. 

17. Atactopora Ulrich, incrusting forms with abundant spinu- 
les giving the orificies by projection on their margin an irreg- 
ular indented form. 

18. Atactoporella similar to the former, but differing by 
numerous interstitial cells and by vesicular diaphragms which 
are said to be simply straight in the former. 

19. Dekaya Edw. & H. is accepted. 

20. Dekayella Ulrich are similarly spinulose forms with num- 
erous interstitial cells. 

21. Nebulipora M'Coy is accepted. 

22. Aspidopora Ulrich are small convexo-concave expansions 
covered by an epitheca on the lower side, structure correspond- 
ing with other forms of Monticulipora of dimorphous character 
with abundant interstitial cells and spinules on the angles of 
junction of the tubes. 

23. Discotrypa Ulrich of similar growth to the former, but 
destitute of spinules and interstitial cell%. 

24. Petigopora Ulrich. Chseteies petechialis Nicholson. Small 
parasitic cumuli of Monticulipora structure without interstitial 
cells but numerbus stout spinules projecting from the angles 
of junction. 

25. Leptotrypa Ulrich incrusting forms with thin walled 
polygonal tubes without interstitial tubes but provided with 
spinules situated on the angles of junction. Besides several 
newly described species. Mr. Ulrich places here also Cha^t. 
discoideus James, Mont, calceola Miller and Mont, clavacoidea 
James. 

26. Spatiopora Ulrich, thin incrusting expansions of the 
Monticulipora type with short shallow tubules, and some few 
interstitial ones, smooth or strongly tuberculated surface, and 
ornamented with spinules of considerable size. 

Endeavoring to impress my mind with the distinguishing 
features of the long series of the just enumerated genera, I 
fancied to see each of them displayed in a circle, Mr. Ulrich's 
descriptions figuring as just so many spokes in a wheel, as the 
number of genera amounts to. I then supposed to make com- 
parison of these generic spokes as they pass before my eyes, 
by setting this wheel in revolving motion, but alas ! in the 
eagerness of my attempt I allowed the revolving motion to be- 
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come too rapid, the single spokes soon were no more discerni- 
ble, I could see a quivering disk only, and everything around 
me began to rotate, then a prostrating giddiness overcame 
me, cold drops of sweat ran down over ray temples, and in this 
dreadful agony, near to fainting, I fortunately could recollect 
an old popular German remedy, very efficacious in similar 
cases of ailings ;'it is, "the invocation of Sanctus Ulricus," acci- 
dentally a namesake of the author ; I did so, and it was not in 
vain, I felt instantaneous relief after the invocation, but vowed, 
never to attempt a similar experiment, even on the risk of being 
deprived forever of the pleasure of fully comprehending Mr. Ul- 
rich's interpretations of creation. Trusting in Mr. Ulrich's pro- 
nounced taste for eccentricities, I have committed one myself 
hoping some success from a humorous attack on his method 
of making natural history. I should be very sorry if he took 
it as meaning personal offense, I have wished only to open his 
eyes, to see, how little good he can do by wasting his ingenuity 
the way he does, and how much more he would benefit science 
and himself if he contented himselfto communicate the results 
of his assiduous labors in the simplest possible manner, and 
with a perspicuity allowing to see every detail ; but before all 
sketching with conspicuous outlines the structural characters* 
proving a harmonious unity of design in the organization of 
all these natural objects to which the present discussion has 
reference. 



REVIEW OF RECENT GEOLOGICAL LITERATURE, 

The Cretaceous and Tertiary Geology of the Sergipe-Alagoaa Ba$in of 
Brazil, By John C. Branner. (Trans. Amer. Phil. Soc. Philada; vol. 
xvi, part 3, 1890; p. 369-434.) This study of Cretaceous and Teritary 
geology of a portion of Brazil forms an important addition to geological 
literature. Prof. Branner examined this region in 1875-1876 and ac- 
cording to his statements » the publication of the results was deferred 
in order that the Brazilian Government might publish the results, 
which however was never done, and Prof. Branner prepared a paper, 
which was read before the Philosophical Society, Sept. 7th, 1888. The 
author la very much impressed with the geological importance of this 
region and the results brought out later tend to prove this assertion. 
Their importance consists in the great range of deposits, the very rich 
fossiliferous beds and the ''accessibility of good exposures across the 
entire section." 
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A section from the Archiean region north of Serra, through the Ser- 
gipe-Alagoas Basin to Sto. Amaro (on the sea) shows Archaean ( ?) 
schists conglomorates, sand- stones and shales, partially metamor- 
phosed, limestones, shales sand-stones, oolitic limestones and sand- 
stones, chalky beds, horizontal Teritary sandstones and clays and Quk- 
ternary and recent beds. The fossils of the Creatceous series appear to be 
unusually abundant. 'The Stratigraphical Relations of and the condi- 
tions attending the deposition of, the Mesozoic beds" are then treated. 
The beautiful oolitic limstones of the Rio Sergipe will, according to 
Prof. Branner, no doubt be extensively utilized in the near future for 
architectural purposes. Partii. "The Brazilian Mesozoic Basins other 
than that of Segipe-Alagoas." In this part are described the Cretace- 
ous beds of Sao Francisco do Sul,Bahia basin and Pernambuco,and the 
part is concluded w^ith "Correlation of the Mesozoic of the coast and 
the interior." Part iii. The Teritary Geology. Two noteworthy feat- 
ures of this Tertiary are the uniformity in the general character of the 
beds and the almost entire absence of fossils. Two hypotheses are 
offered for the latter : That these rocks were deposited so rapidly and 
with water so overloaded with sediments, that animal life was impos- 
sible, or that these beds once held organic remains, but that they have 
been dissolved out by infiltrating waters. Part iv, is a bibliograpy of 
some sixty-five titles. From the paper now before us it is evident that 
this region presents unusual advantages for a study, both geological 
and pahvontological and it is to be regretted that the author of the 
paper has been unable to continue his investigations, so auspiciously 
begun. 

Gems and Precious Stones. By Georgb Frederick Kunz. Pp. S'Sdy. 
Scientific Publishing Co., New York, 1890. Undoubtedly the most 
artistic book of the year and of a nature both popular and scientific 
is Mr. Kunz's present work. No one is better fitted to write upon this 
important subject than Mr. Kunz. His great experience with gems 
and precious stones in all conditions makes this present volume of 
inestimable value. The subject is treated in a manner which appeals 
both to the scientific and the general reader and in every line he finds 
himself delighted. Naturally enough the diamond is first treated and 
then all the other minerals which have been or could be used for gems 
are successively described. The author deserves great credit for the 
manner in which the book appears and the beautifully executed plates 
by Messrs. Prang & Co. add much to the value of this sumptuous vol- 
ume. 

Descriptions of New Species of Fossils, By Georoe B. Simpson. (Trans. 
Amer. Phil. Soc. Phila.) Vol. xvi., part .3, 1890, pp. 435-4<)0. The fos- 
sils described in this paper are contained in the collection of the Geo- 
logical Survey of Pennsylvania. The species are all new and many 
are quite interesting; from the Chemung one new species o^ 
Orthis, Cyrtina, Meristella, Aviculopecten, Lyriopecten, Ptychor- 
jeria, ^lodiomorpha, Goniophora, Nucula, Syringothyris (this being 
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particularly interesting,) two Leptodesma, and six Platyceras; 
from the Clinton one new Orthis, Rhynchonella, Modiolopsis, Nucula, 
and two Tellinomya; from the Lower Helderberg one Chonetes, 
Acervularia and Cladopora; Waverly, one Syringothyris and two 
Khynchonella; Homalonotus trentonensis Simp. n. sp. from the strata 
of the Trenton group near Reedsville, Mifflin Co., Pa. 

Catalogue of Minerals for sale by George L. English & Co., Philadel- 
phia and New York 15th edition, 1890, pp. 100. 

This is undoubtedly the most comprehensive catalogue of minerals 
so far issued in this country, the work not only containing the trade 
catalogue but also a large amount of much useful information concern- 
ing many new minerals lately described, forty pages being devoted to 
descriptions of beryllonite, jarosite, lettsomite, phenacite, bertrandite, 
sperrylite, etc., all indicating the valuable character of the material 
this firm offers to the public. 

In the price list Danna's classification is used, beginning with the 
native elements, sulphides, etc. Then follows an alphabetical list of 
new species and varieties (brought up to date of publication) which is 
undoubtedly one of the most valuable features of the book, which is 
then concluded with an index of all the species. 

Messrs. English & Co. deserve great credit for this beautiful publica- 
tion. It is well and neatly illustrated and very handsomely bound. 

First Annual Report of the Geological Survey of Texas, 1889. E. T. 
DuMBLE, State Geologist, Austin: Royal octavo, xc. and 410 pp., with 
maps. 

This fine volume embraces a general report by Mr. Dumble on the 
organization of the survey and on the preliminary classification of the 
Texas formations, and several accompanying papers, viz : By R. A. F. 
Penrose Jr. on the gulf Tertiary of Texas, by Robt. T. Hill on the 
Cretaceous rocks of Texas and their economic uses, by W. F. Cum- 
mins on the southern border of the central coal field, and on the Per- 
mian of Texas and its overlying beds, by Ralph S. Tarr on the coal 
fields of the Colorado river, by Streeruwitz on the geology of Trans- 
Pecos Texas, and by Theo. B. Comstock on the central mineral re- 
gion of Texas. 

The report of Mr. Comstock shows that in the Archiean in Texas, 
there are probably three series or systems of rocks, and in this respect, 
as well as in many of the details, the features of the Texas Archiean 
are strikingly like those of the Archaean of Manitoba and Minnesota. 

Hamlinite; a new mineral. By Messrs. Hidden and Penfield. (Am. 
Jr. Sci. 39, p. oil.) 

Five years ago the authors observed a new rhombohedral mineral 
occurring with herder ite at Stoneham, Me. As the material then noticed 
was insufficient for chemical investigation the authors deferred publish- 
ing any results with the hope that more might be discovered ; this 
hope has not been realized and the present paper is therefore apparently 
a preliminary one. 
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HamliniU (after Dr. A. C. Hamlin, of Bangor, Me.) crjstallizes in 
the hexagonal-rhombohedral system, the observed crystals measuring 
about 2 mm. Hardness 4.5, Sp. Gr. 3.228 in barium-mercuric iodide 
solution. Fusibility 4. Colorless to yellow. Qualitatively gives rea- 
tions for phosphoric acid, water, fluorine, alumina, and the authors have 
come to the conclusion that the mineral is a new phosphate of beryl- 
lium and alumina with fluorine. 

A preliminary annotated check-li»t of the Cretaceous invertebrate fosiils of 
Texas. Robert T. Hill. (Bulletin No. 4, Geol. Sur. of Texas.) 
Austin, 1889. 

This valuable publication reveals the great labor that has recently 
been bestowed by Prof. Hill, on the 'Cretaceous of Texas, by which he 
has been enabled to more than double the recognized thickness of the 
Cretaceous, and to lay down, in a preliminary way, the paleontological 
data by which all its parts may be identified. Not to mention the 
early and fragmentary observations of Raemer, Marcou, the Shumard 
brothers, and the paleontological determinations of Morton, by which 
some unproved generalizations were indicated, some of which are still 
in doubt, Prof. Hill has made the first systematic and continued re- 
search in the strata of that age in Texas. He demonstrated the exist- 
ence of the great unconformable Comanche series, and although this 
series is claimed as Neocomian by Mr. Marcou, and the lowest part of 
it as Jurassic, there is no question of its actuality and of the credit 
that is due to Prof. Hill in elucidating its structure and its relations. 
Minor details will have to be worked out in the future, and as they 
cast their light on the disputed questions all the difierenees will be 
likely to disappear. For the field-geologist in the Texas Cretaceous, 
indeed for every laboratory worker, this check-list will serve as a guide 
and reference of great value. The list proves evidently that all the 
Cretaceous strata in Texas are more recent than the English Gaultf 
although some have identified Texas fossils with those that in Europe 
belong to the Gault or the Neocomian. 



RECENT PUBLICATIONS. 



1. State and Government Reports, 

First annual report of the geological survey of Texas, 1889. E. T. 
Durable, F. G. S. A., state geologist, 410 pages with maps. 

Geological survey of New Jersey. Annual report of the state geolo- 
gist for the year 1889. 112 pages. 

Bulletin of the U. S. Geological Survey, No. 64. On the thermo- 
electric measurement of high temperatures, Carl Barus. 313 pages with 
plates. 

Bulletin of the U. S. Geological Survey, No. 55. Report of work 



Hecent Puhlications, 125 

d«ne in the division of chemistry and physics, mainly during the fiscal 
year 1886-87. 72 pages with plates. F. W. Clarke. 

Bulletin of the XJ. S. Geological Survey, No. 56. Fossil wood and 
lignite of the Potomac formation, 96 pages. F. H. Knowlton. 

Bulletin of the U. S. Geological Survey, No. 57. A geological recon- 
naissance in southwestern Kansas. 49 pages. Robert Hay. 

2. Proceedings of Scientific Societies* 

Transactions Kansas Academy of Science, vol. xii, part 1, 1889, con- 
tains proceedings of twenty-second annual session ;Note8 on the occur- 
rence of gold in Montana, J. R. Mead : On magnetic declination in 
Kansas, F. 0. Marvin ; Artesian wells in Kansas, and the causes of 
their flow, Robert Hay, F. G. 8. A. ; Some Kansas mineral waters, E. 
H. S. Bailey ; Barite and associated minerals in the concretionary rocks 
of eastern Kansas, E. H. S. Bailey and E. £. Slosson, (abstract). 

The proceedings of the academy of Natural Sciences of Philadelphia, 
Jan.-Marcb,1890, contain: Pea-like phosphorite from Polk Co. .Florida, 
Edward Goldsmith ; Distribution of color marks in the Pteropodidae, 
Harrison Allen, M. D. ; Fossil vertebrates from Florida, Jos. Leidy, 
M. D. ; Notes on the genesis and horizons of serpentines of southwest- 
ern Pennsylvania, Theodore D. Rand ; Geology of artesian wells at 
Atlantic City, N. J., Lewis Woolman. 

3. Papers in Scientific Journals. 

Am. Jour. Sci., July No. Southern extension of the Appomattox 
formation, W. J. McGee ; Notes on the minerals occurring near Port 
Henry, N. Y., J. F. Kemp; Occurrence of Goniolina in the Comanche 
series of the Texas Cretaceous, R. T. Hill ; Development of the shell 
in the genus Tornoceras Hyatt, C. E. Beecher ; Fayalite in the Obsid- 
ian of Lipari, J. P. Iddings and S. L. Penfield ; Selenium and Tellur- 
ium minerals from Honduras, £. S. Dana and H. L. Wells; Connellite 
from Cornwall, England, S. L. Penfield. 

Am. Naturalist, Nov. No. Character and distribution of the genera 
of brachiopoda, Chas. W. Rolfe. April No- On the brecciated char- 
acter of the St. Louis limestone, C. H. Gordon. June No. The per- 
sistence of plant and animal life under changing conditions of environ- 
ment, Persifor Frazer. 

Ottawa Naturalist, May No. On some of the larger unexplored re- 
gions of Canada, G. M. Dawson. 

Can* Record of Sci,, vol. 1 V, No. 2. Note of a fossil fish and marine 
worms in the Pleistocene nodules of Green's creek on tl e Ottawa, J. 
W. Dawson ; Notes on gothite, serpentine, garnet and other Canadian 
minerals, B. J. Harrington ; Scolecite from a Canadian locality, J. T. 
McDonald ; On Asbestus, &c., J. T. Mc Donald ; Lower Helde.berjj: for- 
mation of St. Helen's island, Wm. Decks. 

4. Excerpts and individual puhlicalions. 

The dynamic influences of evolution, Wm. H. Dall. [Read before the 
Biological Society of Washington, Mar. 8th, 1890.) 
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The Nampa Image. Correspondence relating to its discovery with 
explanatory comments etc. (From the proceedings of Boston Soc. 
Nat. Hist, vol XXIV, 1889.) 

Channel Islands, by Dr. Lorenzo G. Yates, F.G.S.A. Stray notes on 
tlie geology of the Channel Islands. The mollusca of the Channel Islands 
of California. Insular floras* (Written for the ninth annual report of the 
state mineralogist of California,) 

Description of some new genera and species of Echinodermata, from 
the Coal Measures and sub-Carboniferous rocks of Indiana, Missouri 
and Iowa; ])y S. A. Miller and Wm. F. E. Gurley. 

The rivers of northern New Jersey, with notes on the classification 
of rivers in general, by William Morris Davis, delivered before the 
* 'National Geographic Society" at Washington Jan. 24, 1890. Published 
in the ^'National Geographic Magazine,*' Vol. ii. No. 2. 

The geographic development of northern New Jersey, by William 
Morris Davis and J. Walter Wood, Jr., (from proceedings Boston Soc. 
Nat. Hist. Vol. xxiv, 1889). 

On some of the larger unexplored regions of Canada, by G. M. Daw- 
son, D. S., F. G. S. extracted from the Ottawa Naturalist, May 1890. 

On Cambrian organisms in Acadia, by G. F. Matthew, M.A., Trans. 
Roy. Soc. Canada. (Read May 30, 1889.) 

The Iroquois Beach, a chapter in the geological history of lake On- 
tario, by Prof. J.W. Spencer, M. A., Ph. D., F. G. S.,Trans. Roy. Soc. 
Canada, (Communicated by Dr. T. Sterry Plunt, May 5, 1889). 

Notes on the geography and geology of the Big Bend of the Columbia, 
by A. P. Colemn, Trans. Roy. Soc. Canada. (Communicated by Dr G. 
M. Dawson, May 15, 1889.) 

5, Foreign Publications, 

Die tertiiiren Bildungen des Kreidberges bei Lunenburg. Von M. 
Stiiracke. Jahr. d. nat. wissen. Ver. f. d. Fiirstentum Lunenburg, 
XI, 1888-1889, S. 91. 

Mittheilungen aus d. Min. Inst. Keil, Bd. 1, Heft 2, contains: 
Bemerkun^en iiber die Gneisse im Granulit des sachsischen Mittel- 
gebirges, E. Danzig; Ueber den Wiesenkalk des Farbeberges bei 
Nindorf Betrachtungen iiber die Art und Weise,wie die Geschiebemcr- 
gel Norddeutschlands zur Ablangerung gelangt sind. H. J. Haas ; Ueber 
ein Neocomgeschiebe aus dem Diluvium Schleswig-Holsteins. E. 
Stollev. 

Die Conchylien des Losses am Bruderholz bei Basel. F. v. Sand- 
berger. (Verhl. Nat. Gesell. Basel, 8 Theil. Stes. Heft). 

Ryoliten vid sjon Mien, af N. 0. Holtz. (Sver. Geol. Undersok. 
Ser'c. No. 110). 

Grenze zwischen ketten und Tafel-jura. F. Miihlberg. (Eclog» 
geologicjo Ilelvetifo. 188^, No. 5.) 

On the origin of the basins of the great lakes of America. J. W. 
Spencer. (Geol. Soc. of London, April 16, 1890, Abstracts and 
discussion). 
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Annual report of the Department of Mines, New South Wales, for 
188S. Folio, 233 pp., many maps and plates, Sydney, 1889. 

Geological features and mineral resources, Maukai district, Queens- 
land. R. L. Jack. 

Geological observations at the heads of the Isaacs, the Suttor and 
the Bowen rivers, Queensland. R. L. Jacks. 

Report on the Sellheim silver mines and surrounding district, 
Queenland. R. L. Jacks. 

Kleine Mitth. aus min. Inst. Univ. Giessen, No. 6, contains : Neue 
Funde von Mineralien, Gesteinen and Versteinerungen aus der Umge- 
gend von Giessen, A. Streng ; Bemerkungen iiber den Melanophlogit, 
A. Streng ; Sine neue Limatulaaus dcm oligociin des Mainzer Beckens, 
G. Greim ; Ueber eine eigenthumliche Saulenbildung im Tageban des 
Braunsteinbergwerks in der Lindner Mark bei Giessen, J. Uhl ; Ueber 
Regentropfenspuren ebendaselbst, J. Uhl. 

Zeitschrift der Gesellschaft fiir Erdkunde zu Berlin, erstes heft, no. 
145, ''Der Isthmos von Korinth," eine geologisch-geographische Mono- 
graphie, von Dr. Alfred Philippson. 

Annales de la Societe Geologique de Belgique, tome seizi^me, 1888- 
1889, contains : Etude sur les depots gypseux et gypso-salif^riens, M. 
Oh. De La Valine Poussin. Etude geologique des Gisements de Phos- 
phate de Chaox du Cambr^sis, X. Stanier; Sur les affinit^s des genres 
Favosites, Emmonsia, Pleurodictyum et Michelinia i Toccasion de la 
description d' une forme nouvelle de Favositide du calcaire carbonifere 
sup^rieur, Julien Fraipont ; Etude sur la stratigraphie souterraine de 
la partie nord-ouest de la province de Liege, Renier Malherbe ; Note 
sur les roches cristallines recueillies dans les depots de transport, situ^s 
dans la partie m^ridionale du limbourg hollandais, Alph. Erens. 

Foldtaui Kozlony, Jan. — Mar. 1890. (Geologische Mittheilungen.) 
Zeitschrift derUngarischen geologischen Gesellschaft. Redigirt von Dr. 
Moriz Staub. Budapest. Euthaltend Daten zurGeologie des Bakony (m 
2 Abb.) Dr. F. Schafarzik ; Beitriige zur geologischen Beschalfenheit 
der Umgebung von Munkitcs (m. 1 Abb.), Dr. J. Szjldeczky ; Beitriige 
znrfossilen Flora der Umgebung von Munkitcs (m. 1 Taf.) M. Staub; 
Ueber das geologische Profil des Scherunitzer Kaiser — Francisci Erb- 
stollens (m. 1 Taf.) ; Zur Geologic des Djebel-Bu-Kornein in Tunis (m 
2 Abb.), J. Jank6 jun. ; Kurze Uebersicht der in der Zone dos eieben- 
biirgischen Erzgebirges von Zdm bis zum Ompolythale erforschten 
Hohlen, G. T^gliis. 

Annual report and proceedings of the Belfast Naturalists'Field Club. 
1889-90. Series ii. Vol. iii. Part ii. contains the following papers : Re- 
port of a committee of investigation on the gravels and associated 
beds of Curran at Larne, by R. Lloyd Praoger; A contribution to the 
post-tertiary fauna of Ulster, by R. Lloyd Praeger. 

Festschrift zur Feier des fiinfundzwanzigjiihrigen Bestehens des nat- 
urwissenschaftlichen Vereins zurBremen. Abhandlungen herausgege- 
ben vom naturwissenschaftlichen Vereine zu Bremen. Band XI, Heft 1, 
mit IG Tafeln. 1889. Heft 2, mit 4 Taf. 1890. 
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Eclogse Geologicse Helvetiae. Revae Geologique Suisse pour rann^e 
1889, par MM. Ernest Favre et Hans Schardt. 

6. Scientific Laboratoriei and Museums, 

Farther notes on the genusXiphocolaptes of Lesson.Robert Ridgway. 
(Smithsonian Inst. Proceedings of the Nat. Museum, Vol.xiii — No.796) ; 
Notes on the serpentinous rocks of Essex Co., N. Y. from aqueduct 
shaft 26, N. Y. city, and from near Easton, Penn., Geo. P. Merrill, 
(Smithsonian Inst Proceedings, Vol. xii, No. 783) ; Preliminary report 
on the fishes collected by the steamer Albatross on the Pacific coast of 
North America during the year 1889, with descriptions of twelve new 
genera and ninety-two new species, Charles H. Gilbert, (Smithsonian 
Inst. Vol. XIII, No. 797.) 

Bulletin from the Laboratories of Natural History of the State Uni- 
versity of Iowa, containing: Some new species of palaeozoic fossils, S. 
Calvin ; The Loess and its fossils, B. Shimek ; A new species of fresh 
water mollusk, B. Shimek, and other papers. 
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Genesis of the Arietid.f., by Alpheus Hyatt. Smithsonian Con- 
tributions to Knowledge, No.673, 4to text, 238 pp., five folio tables and 
14 Plates; Washington, 1889. — Professor Hyatt begins his preface by 
saying: ''It is a common mistake to designate my classification as 
emhryologicaL It will be found by those who read these pages, that 
the whole life of the individual, and all its metamorphoses, have been 
deemed essential standards for the estimation of affinities. Even the 
degradational metamorphoses of old age are used as characteristics 
of value in the generic descriptions ; it is properly speaking an onto- 
logical classification." (Loc. cit. p. vii.) 

The mistake is due to the long and careful studies of professor Hyatt 
on the embryology of Cephalopodes in general and of the Ammonites 
in particular, and by the late professor Louis Agassiz saying that 
Hyatt was working out the embryology of the Ammonites. It is only 
a misuse of a term teo long employed for all the work of classification 
at the Museum of Comparative Zoology, and which has been retained 
to designate briefly the starting point of the true ontological and natur- 
al classification so well advocated by professor Hyatt. 

The memoir is divided into two, or more exactly into three parts. 
The first part comprises the Preface, the Introduction, Genealogy and 
Genesis of characteristics; and is devoted entirely to morphology, de- 
velopment, origin of forms, origin of differentials, stages of growth and 
decline, radical stock, etc. It is the theoretical part, written entirely 
in the spirit of changes in the organic world, of development and evo- 
lution inaugurated by Lamarck. As far back as 1800, Lamarck ''cet 
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hoznme de g^nie, stoique et d^sinteresse" as he is called by Geoffroy 
Saint-Hilaire, presented his doctrine of progression, which was so 
much in advance of the standard of his time, that it took more than 
half a century for it to be truly appreciated at its real value ; it was not 
until after the publication of the ** Origin of Species*' by Charles Dar- 
win, in September, 1859, that the grand gereralizations of the French 
naturalist began to be thought of by the new generation of naturalists ; 
and now it is a true triumph for his long neglected doctrine of varia. 
tion, to see a school, with such representatives as professor E. D. Cope, 
Dr. A. S. Packard and professor A. Hyatt, appropriately called '*the 
Neo-Lamarckian . ' ' 

The author of the "Philosophie Zoologique,"of the * *Flore francaise," 
of the "Histoire naturelle des Animaux sans vert^bres" and of the 
"Coquilles fossiles des environs de Paris," Jean, Pierre, Baptiste, An* 
toine de Monet de Lamarck, after being neglected for so many years, 
and having his reputation shadowed and almost totally obscured by 
George Cuvier and his school, comes out again, thanks to the careful 
researches of a new school, which strange to say has been educated and 
trained by one of Cuvier 's most illustrious pupils, Louis Agassiz. It 
is a new example which shows how useless are all the opposition and 
neglect of contemporaries and adversaries, to views based on facts 
rightly observed and interpreted. And it is a great spectacle to witness 
now the rehabilitation of a naturaIist,who, if he had done nothing else 
but his splendid work "Les Animaux sans vert^bres" has left a repu- 
tation second to no one ; but whose far seeing and far reaching philos. 
ophy of gradual and insensible evolution of species, places him in his 
right place as a naturalist of genius among the foremost great thinkers 
as well as great observers. 

The first part of professor Hyatt's memoir, will attract the attention 
of all zoologists and will have undoubtedly a strong influence on young 
American observers, as a rare example of close reasoning, based on a 
great many facts well studied and carefully recorded. To be sure it is 
the part most open to criticism, on account of its theoretical leaning ; 
but it is written with such candor, and the conclusions are so fairly 
drawn, that it will remain as a precious acquisition to our biological 
knowledge of a family of highly organized invertebrates. 

The second part, ''Oeological and faunal relations, "is addressed to 
geologists well trained by long practical researches in the field of the 
lower and middle Lias. Although professor Hyatt says that "his re- 
searches where conducted almost wholly inMuseums,"he made himself 
well acquainted, not only with all the stratigraphy and practical work in 
the field pf local geologists, but he studied carefully the beds of the 
Jurassic and Triassic systems in several of the classical areas of south- 
ern Germany and eastern France ; and it is to his practical knowledge 
that is due the great value of his ''Remarks on faunal relations." I 
would call attention especially to what follows: ''That the North 
American assemblage of species has a distinct facies of its own, and 
ought to be separated at least provisionally from the South American 
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and all European faunas as the province of North America. '' And also, 
he has a provisional separation between the district of Atacamas 
(Ciiili) and the Argentine Republic, and the region of northern Peru, 
making two basins at least, in the Jura of the South American 
province. 

Professor Hyatt instead of using the terms Mediterranean, Central 
Europe and Russia for the liomozoic band of the Jurassic period used 
l)y the late Melchior Neumayr, the celebrated and much regretted pro- 
fessor of paheontology of the University of Vienna, in his article 
**Ueber climatische zonen der Jura, etc.,*' has adopted the nomencla- 
ture of tropical, temperate and polar homozoic bands. Certainly 
Neumayr's names are not well appropriated to the homozoic bands of 
the Jurassic period in America ; only the terms of tropical and temper- 
ate are objectionable, because the tropical of the Jurassic period 
encroaches on the actual temperate to such an extent as to annihilate 
almost entirely the term temperate as it is understood in our present 
time ; and it is more appropriate to use the terms central instead of 
tropical, and neutral instead of temperattt on account of the variations 
in the limits of those two bands in the Jurassic time when compared 
with the present physical conditions of the w^orld. 

Hyatt thinks that some of the basins in the Lower Lias period were 
capable of evolving newforms ; and he named them*MWaintc Basins,'* 
because they were centers of origin of new series, and their faunas are 
called * 'autochthonous/' He had arrived at the important **fact that 
the beginning of theArietidje was in the northeasternAlps ;thence south 
Germany was peopled by chorological migration, and then the basin 
of the Jura and Cote-d'Or. Thus a zone of autochthones, or an aldai- 
nic band of basins, were formed running to the westward. North and 
south of this zone all faunas seem to have been residual faunas.** {Loc. 
cit.f p. 89.) 

After reviewing all the observations regarding the probable origin 
and migration of his sub-genus Psiloceras,Tma?goceras, Wtuhneroceras, 
Schlotheimia, Vermiceras, (^aloceras, Arnioceras, Coroniceras, Agas- 
siseras, Asteroceras and Oxynoticeras, professor Hyatt has united and 
condensed all his facts in most interesting tables of the genealogy of 
the Arietida'. Table i, for the fauna of south Germany ; table ii,for the 
fauna of the Cote-d'Or; table iii, fauna of the Rhone basin; table iv, 
fauna of England; table v, fauna of the province of central Europe; 
and table vi, fauna of the province of the Mediterranean. 

Those iTonealogic table!=< are the result of an immense amount of work, 
well digested, and clcjirly syst<[»matized and classified. Although 
professionally a paleontolosiHt. professor Hyatt has shown in his clas- 
sification an<l nomenclature of strata, as well as in his use of Ammo- 
nitidn* for a proi>er understanding of the great systems of rocks, a rare 
knowledge of questions which have been of late too often obscured. 
I mean to refer to those hybrid terms of Permo-Carboniferous, Trias- 
Jura, Jura-Trias, Jurassic-Cretaceous,Cretacic-Eocenal,etc., introduced 
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daring the last twenty years. The tendency to use such expressions, 
which after all is nothing else, on the part of those who employ them, 
cl "^n an admission of their inability to arrive at the exact geological 
and chronological age of a certain amount of strata, is mischievous in 
the extreme, because it introduces into a science, which cannot exist 
without the most perfect chronology, a sense of uncertainty contrary 
to the good and proper understanding of all that relates to succession, 
development, evolution and geological age. 

The following paragraph is most interesting on account of its precis- 
ion and its well balanced classification : ''The nmmonoids, therefore, 
according to our views, are not divisible into two grand divisions, but 
have six suborders : the Goniatltime, of the Silurian, Devonian, Car- 
boniferous, Dyas, and Trias ; the Clymenina} of the Devonian ; the 
Arcestinie of the Dyas and Trias ; the Ceratitimu of the Dyas and Trias ; 
the Lytoceratinte of the Trias, Jura and Cretaceous ; and the Ammo- 
nitinaj of the Trias, Jura, and Cretaceous.*' {Loc. cii. p. 7.) 
According to Hyatt's view, two of the suborders of the ammonoids 
are special and characteristic of the Dyas and Trias, a result com- 
pletely in harmony with professor Huxley's opinion of the Vertebrata. 
It is most important to see such paleontological observers as Huxley 
and Hyatt agree in placing the separation between the paln^ozoic and 
the Mesozoic below the Dyas, as it has always been advocated and 
maintained by all practical geologists. 

The divisions used by professor Hyatt for the Lower Lias, arc excellent 
and very complete, beginning with the Bone-bed of Quenstedt, and 
extending from the Planorbis beds to the Raricostatus belt. He 
has carefully avoided placing the Rhetic in the Lias, leaving it in the 
Trias, which is its proper place according to stratigraphy, lithology 
and a well balanced palicontology. In fact all the geological classifi- 
cations used by professor Hyatt, show precision and discrimination 
seldom equalled in a paleontological work and which recall most hap- 
pily the great geological wisdom of Barrande. 

The third or last part of professor Hyatt's memoir is tlie most exten- 
sive, covering almost half of the volume, from page 120 to p. 221; it 
is devoted entirely to practical paheontology, giving the ''Descriptions 
of genera and species of Arietida.*." He begins with the ''Radical 
stock" first, or Psiloceran branch with the genera Psiloceras and 
TmH'goceras, then come the second branch with its Wa'lmeroceras and 
Schlotheimia, then the third branch with its Caloceras and Vermiceras, 
then the fourth branch with its Arnicoceras and Coroniceras, then the 
fifth branch with its Agassiceras and Asterocoras, and finally the sixth 
branch or Oxynoteras. 

All the species described and figured are European witli the excep- 
tion of Caloceras newberryi Hyatt, from near Cerro de Pasco, Peru ; 
Caloceras ortoni Hyatt, from Tingo, near Chacapoyas, northern Peru ; 
Arniocerasf nevadanum Hyatt, from near Volcano, Nevada ; and Arni' 
oceras humboldti Hyatt, from Humboldt county, Nevada, which show 
beyond any possible doubt the existence of the Lower Lias in West 
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Humboldt range and its southern extension to Volcano in Esmeralda 
county, Nevada, and in Peru, South America. 

In 1829, Leopold von Buch used for the first time the name Arietidsc 
in paleontology to designate a family of Ammonitinrc. Lamarck in 
his celebrated **Animaux sans vert^bres,** in 7 vols., 1815-1822, divides 
the genus Ammonites of Brugui^re, into only three genera : Ammo- 
nites, Orbulites and Planulites. Sowerby in his "Mineral conchology 
of Great Britain,'* 10 vols. 1818-1829, divides the Ammonites into three 
sections, accor<)ing to the forms of the back. Von Buch with his 
great sagacity saw that the lobes of the chambers of the shell, were 
regular according to species ; and combining the forms of the lobes with 
the exterior ornaments of the shell, he was led to divide the Ammo- 
nites of Lamarck into nine great series called by him Arietes, Amalthei, 
etc., etc. He began his paper of 1829 : ''Sur la distribution des ammo- 
nites en families (^4 /in. /Sc. iVa*., vol. xviii, p. 417, Paris), by saying 
that ' 'probably all the Ammonites can easily be classified into natural 
families, and that he found such an arrangement at the Museum of the 
University of Basel (Bale), Switzerland, under the direction of Pierre 
Marian.** During the years 1825-27, von Buch worked at his classifi- 
cation, believing that he was the only paleontologist interested in the 
question ; when to his great surprise, during a visit at the Museum of 
Bale, he saw all the Ammonites classified by professor Marian, exact- 
ly in the same order that he had arrived at in his own collection at Ber- 
lin. At first he thought he had been betrayed by somebody, but a few 
minutes of conversation with Marian dissipated all his suspicions ; and 
Marian with a rare modesty and disinterestedness, not only did not 
clain^ any right of priority or even of equality in the discovery, but he 
relinquished all thought of even saying anything about it ; and if von 
Buch had not stated the fact in his paper of 1829, it would have remain- 
ed unknown. From that day von Buch and Marian become most 
intimate friends and every year von Buch used to visit Marian, once at 
least, often twice and even three times. 

The Arietes or"Les B^liers^in French, are so well defined in the six 
lines consecrated to their diagnostic by von Buch, at p. 418 {Loc. cit.), 
that nothing has been changed in that family ever since by all the 
paleontologists from d'Orbigny, Quenstedt, Pictet, Oppel to Neumayr, 
Mojsisovics and Hyatt; and even his first saying that all the species of 
that family belonged to the Lias, has been confirmed by professor 
Hyatt, whose exhaustive monograph of Arietidae shows their prevalence 
in the Lower Lias, with only two species of Oxynoticeras passing into 
the Middle Lias. Von Buch quotes only eight species of Arietidfe, in 
his paper of 1828, taking as his type the Ammonites turneri of the 
Canton of Bale ; Hyatt in his description and enumeration gives no less 
than eleven genera, eighty-six species and numerous varieties of Arie- 
tidfe. It is hardly possible to prize too highly the excellence of pro- 
fessor Hyatt's plates, so well executed, with such exactness, that his 
work will remain a model for all future publications of Mesozoic fossils 
in America. 
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The paper is not only an honor to its author, but even more it is most 
creditable to American paleontology that such an important memoir 
has been worked out and published in America, on material mainly 
collected and derived from Europe. It is a rare and most valuable 
contribution to the paleontology of the first great group or base of the 
Jurassic system. Only it is so profound and it requires such an amount 
of special knowledge to understand all the meaning, reasoning an<l 
conclusions of the author that it is doubtful if a single person in 
America, besides professor Hyatt, is able to read critically every part 
of the *' Genesis of the Arietidse.'* Certainly the biological part is ac- 
cessible to all zoologists and will be much appreciated, more especially 
by the young generation of American observers ; but the geoloj^ical 
part can be understood only by those who have studied with detail the 
Mesozoic faunas and the stratigraphy of Dyas, Trias and Jura in cen- 
tral Europe, and the number of such American geologists can easily 
bo counted on the fingers of a man's hand. 

In Europe the work of professor Hyatt will exercise the most bene- 
ficial influence, and we know already it is highly estimated by all the 
Austrian, Belgian, English, French, German, Italian and Swiss 
observers, who have <levoted themselves to researches of the same sort, 
and although their number is necessarily limited, it is sufficient to 
reward professor Hyatt for his great effort in his work of progress, 
for his last publication has placed him in the front rank of paleon- 
tologists. J. M. 

Cambridge f Mass., 15 May, 1890. 

On tiir namb "Liurentian." — In the April number of the Geologist, 
(pp. 197-200) Prof. C. H. Hitchcock refers to a paper of mine in the 
January number, upon the use of Laurentian as applied to a Quater- 
nary terrane. On page 197 he says: **It is to be regretted that Mr. 
James did not examine my reference to the publication where Mr. 
Desor proposed the use of the name Lawrentlan." Unfortunately 
Prof. Hitchcock does not refer to any paper of Desor* s where the word 
"Lftwrentian" was used, either in his report on the Quaternary 
(American Geologist, vol. 2, p. 303), or in the Report on the Geology 
of Vermont (vol. 1, p. 157.) I am glad to know, however, from the 
foot note reference in his article where and when the name was first 
used. As far as the origin of the name is concerned, there can be no 
question but that Desor derived it from the St. Lawrence valley, 
where the deposits were first studied. 

On page 200 Prof. Hitchcock says, that "Mr. Desor disclaims the 
origination of the application of the term Lawrencian." [Lawrentian.] 
It should be remembered, however, that the report in the Proceedings 
of the Boston Society of Natural History was not written by Desor 
himself, but by a third person. We are, therefore, hardly justified in 
accepting either the language or the spelling of the term as that of 
Desor. But, however this may be, in other places Desor did claim to 
be the author of the term, and in these papers it was not spelled Law- 
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rentian nor Lawrencian, but Laurentian or Laurentien. (See pp. 30, 
31 and 34 of January, 1890, Geologist ) 

I agree with Prof. Hitchco<*k that the spelling might be made to con- 
f>»rm to the derivation of the word, and read ''St. Lawrencian," 
although this would not be the term used by Desor Still, in this form 
it could be applied to a Quaternary terrane, while ''Laurentian" might 
be used for the crystalline rocks as designated by Logan. In any event 
the term "Ghamplain" can hardly be used. It was clearly preoccupi- 
ed by Emmons. 

I take this opportunity of correcting two errors in the references to 
my paper: page 30, note 2 read 185 J for 1859 ; page 31, note 4, read vol. 
9 for vol. 19. 

Joseph F. Jambs. 

Washington, D. C, J%dy 1, 1890, 



PERSONAL AND SCIENTIFIC NEWS. 



Prop. C. H. Hitchcock is on a visit to Mt. Whitney, with a 
party of excursionists. In July he visited the Windward 
islands, Caribbean sea. 

Princeton Scientific Expedition. A Princeton palceon- 
tological party composed of Profs. W. B. Scott, W. F. Magie, 
Mr. John Eyerman and six Princeton undergraduates will leave 
Princeton the latter part of July for a trip through the White 
river country of Nebraska and Dakota. Mr. Eyerman also ex- 
pects to explore in south-western Colorado. 

The Rocky Mountain Club, which was organized about a 
year ago at the University of Michigan, has been extended so 
as to include other northwestern institutions, and its member- 
ship now numbers about ninety. Its purpose is to visit and 
examine, with such care as the objects of the club may require, 
points of scientific and popular interest in the Rocky moun- 
tains. Its second annual excursion, under the guidance of Dr. 
A. Winchell, occupied two weeks in the latter half of July, 
leaving St. Paul on July 14. 

The Menage Scientific Expedition to the Philippine Is- 
lands, started from Minneapolis Julv 22nd and will be engaged 
two years on the Islands making collections for the Minnesota 
Academy of Natural Sciences. This expedition is sustained 
by the munificent generosity of Mr. L. F. Menage of Minneap- 
olis, and its results, if commensurate with those of others made 
by the young gentlemen who compose it, will be very valuable 
to science. Mr. D. C. Worcester- and Mr. F. S. Bourn»,late of 
the University of Michigan, and associated with Prof. J. B. 
Steere in a former expedition to the islands, have sole charge 
of this. 
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A SKETCH OF RICHARD OWEN. 

By N. H. Winch ELL, Minneapolis. 

Richard Owen, whose audden death occurred at New Har- 
mony, Indiana, March 24th, 1890, by accidental poisoning' 
was the youngest brother of David Dale and Robert Dale Owen, 
and was associated with them in many of their undertakings. 
He participated in some of the early geological surveys, partic- 
ularly in that of Wisconsin, Iowa and Minnesota, and that of In- 
diana. He had long been known extensively as an author, teach- 
er, scientist and soldier. He was born Jan. 6, 1810, at Braxfield 
House, Lanarkshire, Scotland, and was therefore at his death 
somewhat more than eighty years of age. 

Dr. Owen received a training similar to that of his brother 
D. D. Owen, namely : tuition under a private tutor, later at the 
Lanark grammar school, subsequently three years (after 1824) 
at Hofwyl, Switzerland, where, with military drill and daily 
gymnastics, he acquired familiarity with French and German, 
and made chemistry a specialty, then again in Glasgow a full 
course in chemistry and physics with Dr. Andrew Ure at the 
Andersonian Institution. With his brother, D. D. Owen, he 

*The death of Prof . Owen was peculiarly distressing. A jug of em- 
balming fluid was sent by mistake to a neighbor of Prof. Owen (a 
merchant), labeled "medicated water." Thinking it mineral water 
from some friend the two drank a small quantity, and its deadly qual- 
ity was soon discovered. Medical aid was summoned, but Prof. Owen 
succumbed under its eflects, and died before midnight. 
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continued chemical experiments with apparatus brought by 
them to this country in 1827. 

For a short time after arriving at New Harmony, Ind. he 
was engaged, though but 17 years of age, in teaching. Circum- 
stances having placed a considerable amount of land and rent- 
grain, also a merchant steam flouring-mill in his hands, 
he conducted the same for seven years, and in this he found 
his former experience in farming in Lancaster county, Penii, 
and a three years service with his friend Dr. Wm. Price, at 
Cincinnati, chiefly learning malting and brewing, had sup- 
plied him a valued and adequate preparation. 

Through the aid of his brother, Hon. R. D. Owen, then in 
Congress, he was appointed captain in the 16th U. S. infantry 
and remained seventeen months in Mexico, from April, 1847 
to August 1848, chiefly near Monterey, with Gen. Taylor in 
charge of the provision trains. 

On returning from the Mexican war. Dr. R. Owen found his 
brother Dr. D. D. Owen engaged in a survey of the N. W. 
Territory, and devoted the autumn and winter of 1848-9 to 
special preparatory training for the duties assigned him in 
1849 ; which duty took him to the north shore of lake Super- 
ior and as high as Lake of the Woods, and consisted chiefly in 
making the barometrical observations, and the illustrative 
sketches, diagrams, &c, especially showing the remarkable 
trap upheavals, sometimes in basaltic arches of great beauty. 
A majority of the woodcuts in the body of the quarto report of 
Dr. D. D. Owen (sub-report by Dr.Norwood) are from the pen- 
cil of Dr. R. Owen. 

Late in 1849, Col. Thornton Johnson (cousin of Hon. R. M. 
Johnson, vice president of the U. S.) who had organized at 
Drennen Springs in Kentucky the "Western Military Institute," 
on the plan of the U. S. Military Academy, offered Dr. R. Owen 
the chair of Natural Science in that institution. This he accept- 
-ed and remained over nine years connected with it. During the 
last three years, it formed a department of the Nashville Uni- 
versity, and was conducted, as it had been for three years prev- 
ious, at the joint pecuniary expense and risk of Col. B. R. 
Johnson (subsequently a confederate brigadier general) and 
Dr. R. Owen ; Col Thornton Johnson having died. But Dr. 
Owen foreseeing, as indicated in his Mount Vernon address, 
the probability of secession, in 1858 sold out his interest to 
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Col. Bushrod R. Johnson, The address was delivered at the 
request of the ladies of the Mount Vernon Association, in the 
capitol at Nashville and was printed in pamplet form under 
the title "Honor to the Illustrious Dead." While at Nash- 
ville he received (in 1858) his degree of M. D. from the Nash- 
ville Medical College after a two years' course. 

On reaching his home at New Harmony, Ind., he was imme- 
diately employed in the Indiana Geological Survey, and on the 
death of his brother, Dr. D. D. Owen in 1860, was appointed 
state geologist. He was still engaged on his 8vo. report of 
that reconnaissance, when he was offered by governor 0. P. 
Morton the Lt. Colonelcy of the 15th Inda. vols, and accepted ; 
reading the proof of his report, in camp, May, 1861.' After the 
battle of Greenbrier, W. Virg., Dr. Owen was promoted colonel of 
the 60th Ind. Vols., which he had enlisted, and remained with 
his regiment until Dec. 1863, participating in the capture of 
Vicksburg and Jackson, Miss, and in the Red River campaign- 
He was with Gen. Reynolds at the battle of Rich mountain 
and participated in the defense of the camp at Huttonsville. 
In the same regiment were Dr. Owen's two sons, as subordi- 
nate oflBcers. The winter of 1861-62 he guarded at Indianapo- 
lis 4,000 prisoners captured at Fort Donnelson. In the spring 
of the following year he was ordered to Kentucky, and his reg- 
iment ^was taken as prisoners of war by Gen. Bragg at Mum- 
fordsville. Three months later they were exchanged. Although 
the regiment was paroled, Dr. Owen was not, nor were his side 
arms taken. On the contrary Gen. Buckner went out into the 
field where the regiment was guarded and thanked Col. Owen 
for his kindness to the 4,000 Fort Donnelson prisoners at camp 
Morton. Gen. B. R. Johnson, with whom he had been asso- 
ciated as teacher, and two students, then officers in the confed- 
erate army, whom Dr. Owen had often drilled, also called on 
him. He was treated very politely by Gen. Bragg with whom 
he had become acquainted in the Mexican war. 

After the exchange he was ordered to the southwest and par- 
ticipated in the capture of Arkansas Post. His regiment lost 
quite extensively in killed and wounded in this engagement. 
He was with Sherman in the first attempt on Vicksburg, and 
afterwards at the capture of the city by Grant, July 4, 1863. 

'See p. 280 of his report: ''Geological Keconnaissance of Indiana, 
I860. 
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Soon after, in command of a brigade, he was with Sherman at 
the taking of Jackson, Miss. He participated with Banks in 
the Red River campaign, and at the attack on Banks' forces in 
Carrion Crow bayou, his regiment suffered severely, it having 
been ordered to bring up and protect the rear. 

Jan. 1st, 1864, fresh from Red river campaign, Dr. Owen 
stood for the first time on the rostrum of the Indiana Univer- 
sity, Bloomington, where he labored for 15 years, endeavoring 
to infuse into his classes a love for natural science, particular- 
ly geology, biology and chemistry. During his [connection 
with the Indiana University he made geological reconnais- 
sances, in 1864, in New Mexico and Arizona, also later in 
North Carolina, and in 1869 he visited Europe, and parts of 
Asia and Africa.' 

^llo was in Paris 16th Aug. during the centenary birthday celebration 
of Napoleon the First ; in Athens during the visit of empress Eugenie, in 
Jerusalem meeting the emperor of Austria and crown prince of Prus- 
sia, all on tlieir way to the opening of the Suez canal, 17 Nov. Dr. 0. 
reached Port Said 16 Nov. and saw the pageant of reception for all the 
royal representatives of the different nationalities. 

The route taken, to reach all those places, was from Vienna,after vis- 
iting Adelsberg grotto and obtaining a liviiig Proteus (subsequently pre- 
served in alcohol, and now in the museum at Purdue Univ. Ind.) 
down the Danube, thence over the Black sea to the Crimea (obtaining 
geological specimens from Sebastopol, Balaklava, Simpheropal, etc.) 
and back to Constantinople (picking up basalt on B(»8phorus west of 
Scutari) then to Athens where he saw fine specimens of the bones of the 
Hipparion and Khiiioceros from the Tertiary a short distance N.W. of 
that city over to Smyrna with its tomb of Polycarp dating back 17 cen- 
turies; the Island of Khcdes, still exhibiting the grand fortifica- 
tions erected by the Knights Templar; Syria replete with records from 
bible history ; thence to fcgypt. lie describes tne pyramid of Cheops 
as being entirely of Nummulitic limestone, of which he brought a 
specimen, now in Purdue IJniv'y, wliile the pyramid next in size has 
a sycnitic rock for its entire base, and the Sphinx is sculptured out of 
sandstone in sitUj of Cenozoic age. 

Returning by way of Sicily, he ascended Mount Etna, tracing the 
lavas of different periods ; in and around Naples he examined the in- 
teresting geological records, such as mount Slonte Nuovo, the temple 
of Jupiter Serapis, the Solfatara (bringing home from the steaming 
vents specimens of arsenic sulphide, etc.) thence Vesuvius, Pompeii, 
and Herculaneum; thence through Rome and Florence, over the Bren- 
ner Pass to Bonn, in the region of the Siebengebirge and not far from 
the instructive Kifel, thence through Belgium to England. In London 
he had fine facilities for obtaining information regarding the British 
Museum and Prof, (now Sir Richard) Owen^s views on several moot 
questions in biology, being invited to his suburban villa. Sheen Lodge 
in Richmond Park. He had also a letter of introduction to his succes- 
sor (as director of the Brit. Museum) Prof. W. H. Flower, who was 
then at the head of the college of surgeons. 

While visiting Strat ford-on- Avon Dr. Owen being acquainted with the 
ex-mayor of the city, Mr. Edward Flower (father of Prof. W. H. 
Flower) had a fine opportunity, through his courtesy, of examining 
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In 1874, Wabash College conferred on Dr. Owen the degree 
of L.L.D. and in the same year he was elected Grand Master 
of Indiana 1. 0. 0. F. and subsequently Grand Representative 
of that order to the Sovereign Lodge of U. S. He was also an 
honorary member of the New Orleans Academy of Science, 
also of that of N. Albany Ind., and later charter member of 
the Ind. Acad, of Science. Being a Fellow of A. A. A. S., when 
the Geological Society was formed, he was enrolled as a 
charter member. He was elected (1872) president of Purdue 
University at La Fayette, Ind. but in consequence of the delay 
in organization he resigned in order to accept at the Ind'a 
Univ'y., in addition to retaining his original chair, the curator- 
ship of the Museum. The Trustees had bought the large collec- 
tion of Dr. D. D. Owen, known as the "Owen Cabinet" and made 
many valuable additions, besides the necessary cases through 
purchases from the interesting establishment of Prof. Ward of 
Rochester, N. Y., giving Dr. R. Owen, genial occupation in 
arranging, labeling, etc. Unfortunately the museum was de- 
stroyed July 12, 1883 by fire some years after Dr. 0. left Bloom- 
ington, only a few of the type specimens, which were in sep- 
erate portable cases, being saved. These have subsequently 
formed a part of the collection in the new museum. 

Dr. Owen remained at Bloomington from 1864 to the end of 
the session of 1879, having resigned in 1878 in consequence of 
impaired hearing caused by sunstroke. From that time he 
lived quietly at New Harmony Indiana, and on Jan. 6, 1890, 
celebrated his eightieth birthday. 

Dr. Owen married in 1837, Miss Anne Neef, youngest daugh- 
ter of Prof. Joseph Neef, formerly coadjutor with Pestalozzi, 
and author of two educational works. Three children were 

the Lias, as several quarries exist in the neighborhood for obtaining, 
in that formation, a hydraulic limestone. Dr. 0. 8tate8 that after they 
have carted and dumped along the margin, say of a ten acre field, all 
the soil, and have quarried and removed all the available hydraulic 
limestone, they then return the debris and finally the soil. He saw 
good crops growing on fields thus treated. 

While traveling m Palestine, Dr. Owen obtained at the Sea of Gali- 
lee, trachyte, amygdaloids and other volcanic rocks ; also there and at 
the Dead sea the evidences of earthtjuake action were very striking. 
He published in **The Holy Land*' (a quarterly journal,) some of these 
facts, and the reasons for believing that although by these catastrophes 
the surface of the Dead sea is now over 1,200 feet below the Mediter- 
ranean, there is evidence to show the probability that, before these 
convulsions, the Jordan emptied its waters through a valley still trace- 
able from the Dead sea, past Petra to the gulf of Akaba in the Red 
sea. 
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born to them, an only daughter, who died, and two eons, Eu- 
gene and Horace, now in business at New Harmony. Dr. 
Owen is kindly remembered at Bloomington. His life-size 
pdrtrait graces the walls of 'Athenian Hall,' and of the three 
new buildings of Indiana University, the one devoted to the 
study of natural history, which he loved so well, bears the 
name of Owen Hall, in his honor. **The older students of the 
University remember him with great respect. One reason of 
his eminent success as a teacher was his knack of governing 
young men. His idea was that young men of college age 
should be taught self-government, and that part of the enforce- 
ment of discipline might be left to their own management un- 
der a code formed by themselves and approved by the faculty." 
Dr. Owen was a member and deacon of the Presbyterian 
church. 

Throughout Dr. Owen's works he evinces the spirit of a sin- 
cere lover of and seeker after truth. His addresses to the 
students of the University, his communications to the period- 
ieal literature of his time, no less than his unostentatious in- 
dustry and his simple and consistent christian life, denoted 
the devout spirit with which he carried on all his researches. 

Although the literary work of Richard Owen was bulky and 
multifarious, yet he did not seek the more exclusive scientific 
channels of publication. He desired to reach a wider audience, 
and produce an immediate impression. His papers may be 
found in educational journals, in some of the New York or Al- 
bany weeklies, in stray pamphlets and in some of the leading 
scientific serials of the United States. One who was his pupU 
at the Kentucky Millitary Institute gives a glimpse of the in- 
dustrious life he spent there in the following words : 



**I studied geology, natural history and chemistry under him. He 

a i] 
iiv m aannng, ana am part of tli 
was always busy, — going to his room one would find hiia engaged in 



also tau(2:ht German'and Spanish, and instructed in fencing and occas- 
ionally in dancing, and did part of the drilling in military tactics. He 



painting and drawing, and he was very good at that.*" 

It is due to a life of so many years of labor, that some rec- 
ord be made here in a more detailed category, of some of the 
papers that he has published. 

1840-41. Ten letters, on education, detailing the systems of 
Fellenberg, Pestalozzi, etc. Southwest Sentinel^ Evansville, 
Indiana. 

*G. C. Broadhead. 
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1846. Descriptions and drawings, from microscopic observa- 
tions of the FljangWeeviljE troublesome wheat pest in Indiana, 
Albany CtUtivator, July and November (see also Jaeger's Life of 
North American insects, p. 185). 

1849. In his brother's quarto report on Wisconsin, Iowa 
and Minnesota a chapter, with a map, by R. Owen is descrip- 
tive of Pigeon point, Minnesota. 

1857. Key to the Geology of the Globe, with numerous orig- 
inal maps and diagrams, A. S. Barnes & Co., New York. 256 
pp. 8vo. 

1862. Report of a geological Reconnaissance of Indiana 
(David Dale Owen, State Geologist,) By Richard Owen, princi- 
pal assistant, now state geologist, pp. 368. Roy. octavo. 

1864. The rock salt at New Iberia, Louisiana. Transactions 
of the St. Louis Academy of Science^ vol. ii, p. 250, Sep. 1864. 
(copied in Am. Jour. Sci. vol. xl, (ii), p. 120. 

Various articles in the JVieti? York Tribune, Indianapolis Journal 
and Indiana Farmer calculated to popularize science. 

1864. Dr. Owen this year made a geological survey in New 
Mexico and Arizona, his report being printed in octavo pamph- 
let. (Report on the mines of New Mexico, by Profs. Owen and E 
T. Cox, Washington, 1865, 60 pp. 8vo.) A similar survey and 
report were subsequently made in North Carolina. 

"A western glance at eastern scenes." A series of 15 letters 
in the Evansville Journal [Ind,] giving details of his foreign 
travel. Other letters were published in the New York Tribune 

After leaving Bloomington Dr. Owen prosecuted his re- 
searches in physical geography and seismism. His papers are 
found at various dates in the reports of the American Associa- 
tion for the Advancem£nt of Science, in the Scientific American. 
and the American Meteorological Journal. He also published 
a series of papers in the Southwestern Journal of Education, 
(Nashville), detailing some observations not found in works 
on physical geography. To these he gave the title : "Aids to 
the study of Geography." 

He competed for the prize of 25,000 francs offered by the 
king of the Belgians for "The best system of popularizing 
geography.*' Of sixty competitors Dr. Owen was one of four 
to receive honorable mention, the prize being awarded to a 
German professor. Among the recommendations made in Dr 
Owen's essay was the employment of relief maps, since he 
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come common, to illustrate the natural geography of a coun- 
try, and he sent to Brussels numerous specimens chiefly mod- 
eled in putty as illustrations. A full description of the methods 
employed with this plastic material was subsequently communi- 
cated to the Scientific American, and the Journal of Education, 
He also sent eighty-five original maps and many diagrams. The 
relief map of Europe, in four pieces, was colored geologically 
from the map of Sir R. I. Murchison, and was of the same 
size, viz : about 50 by 42 inches. After the award all the mod- 
els, maps and diagrams, etc., were presented, through the 
American minister at Brussels, judge Lambert Tree, to the 
^'scholastic museum," in which, according to the ''Brussels 
Journal" of 15 Nov., 1887, they occupy a special position. 
Due acknowledgement was made by the Belgian minister of 
education. 

Dr. Owen also communicated a paper to the Bologna session 
of the International Congress of Geologists^ for which he receiv- 
ed the cordial thanks of the president, Sig. Capellini. 

Notices of Dr. Owen's works may be found in Dr. "Alibone's 
Dictionary of authors," also in "Appleton's Cyclopedia of 
American biography ;" but a brief summary of his researches 
and conclusions on dynamical geology may not be out of 
place here. For details on these, and similar points, the 
reader may consult the Proceedings of the American Association 
for the Advancement of Science, at tlie Indianapolis, Hartford^ 
Boston, Cincinnati, Montreal, Philadelphia and New York 
meotin<|:s ; also the Polytechnic Review, New York, July and De- 
cemher, 187S: Journal of the Franklin Institute, August, 1872; 
Scientific Amerimn, March 29, 1884, and March 7, 1885; South- 
we-^fern Journal of Education, (Nashville), five numbers between 
February and December, 1888, and the American Meteorological 
Journal, (Ann Arbor), Sept., Oct., and Nov., 1886; Jan., Oct., 
and Nov., 1887 ; Nov. 1888 and Jan. and April 1889. Probably 
the hitest of Dr. Owen's scientific publications was that 
prompted by an inquiry of the writer on the magnetic phenom- 
ena of a well-tube at Gordonsville, Minnesota, published in the 
Standard at Albert Lea, Minn, and dated March 8, 1890. 

Ili.s seismic and dynamic researches were designed to reach 
at least suggestive results as to the probable causes immediate 
and remote, of the many changes through which our planet 
has parsed, or is now passing, as more especially exhibited in 
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its crust, consequently they deal with earlier refrigeration, as 
well as later seismism. 

1. The fundamental idea, partly set forth in the "Key," and 
more elaborated in later publications, was that the present 
configuration of land and water was to a considerable extent 
prefigured and determined during the earlier crust consolida- 
tion. Thus we may trace two vertical great circles, at right 
angles to each other; one passing, in the eastern hemisphere, 
through the Caspian sea, and, in the western, along the Cas- 
cade range, the other through Greenland and Japan. They di- 
vide our globe into four equal segment8,each embracing a double 
continent: (a)Europe Africa, (b) N.and S. America, (c.) Asia 
and Australasia (d.) N. and S. Oceanica. Great continental 
trends form, with this meridional segmentation, angles of 
about 24P. This primal arrangement does not conflict with 
subsequent important changes in the position and form of con- 
tinents, within those bounds. 

The above described segmentation, as well as the continen- 
tal outlining, seems connected with the two great movements 
of the earth : one, that of daily axial rotation, chiefly influenc- 
ing or promoting symmetrical vertical, meridional, segmenta- 
tion (elevation and depression) ; the other determining the 
coast trends and outlines, whichjn their angular divergence of 
23°-24°, from the meridian, indicate a connection with the an- 
nual revolution of the earth in its orbit, inasmuch as they are 
perpendicular to the plane of the ecliptic, and hence remotely 
connected with solar influence; as well as being probably 
affected (in the early history of the planet, when partially fluid 
interiorly) by lunar tides. 

2. Dr. Owen showed later that the eastern trends of the five 
continents (Asia, Africa, S.America, N.America and Oceanica) 
are 72° (=3x24°) apart, if we include as a continent, sinking 
or rising Oceanica, and that a radius of V* (=36°) nearly de- 
fines the continental bounds, and passes usually through Cen- 
ozoic areas. 

3. He called attention to the greater prevalence and enlarg- 
ed areas of later geological formations, as we trace southerly 
divergence from the more restricted, northerly Archean. 

4. He claims to have demonstrated that the European Alps 
near Monte Rosa, constituted the pole of the land hemisphere, 
being intermediate between the equator and its pole, between 
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the two fundamental great circles, and about equidistant, on 
any given parallel of latitude, east to the Asiatic Pacific, or 
west to the N. American Pacific. Farther, a majority of total 
seismic movements, recorded in Mallet's catalogue of 7,000 
earthquakes, pass in the vicinity of that elevated epicentrum ; 
and the same meridian is pivotal for the oscillation of the mag- 
netic system by which the magnetic needle for middle Europe 
-Africa, diverges equidistantly west to Boothia Felix and, in 
about 333 years, east to northern Siberia. 

5. This seismism has been, and still is, most readily trans- 
mitted along the strike of rocky elevations, notably mountain 
ranges such as the Andes and Alps, usually in great circles. 

6. Dr. Owen suggested that the elevation of land is due to 
molecular activity in some form, and consequent mass- 
motion, energy which remotely is derived (in our solar system) 
from the sun ; the motive cosmical origin, not only of our sun 
but of the stellar universe, being the result of the primal theis- 
tic, creative impulse. 

"The chief new scientific fact which was brought out in this 
work, judging from its being copied into Dana's, Dawson's 
and Cope's works and the latest French geological work of De 
Lapparent, is that the general coast trend of continents, and 
their chief mountain ranges form angles of 23^ degrees with 
the meridians, the latter according with the axu of rotation^ the 
trends whether east or west, being secondary to the plane of 
the ecliptic, according, therefore, with the axis of orbital revolu- 
Hon,''' 

Dr. Owen's lines of research were marked by originality and 
his conclusions, though often striking, if not bold, were put 
modestly before the public. He was one of the the best au- 
thorities on earthquakes, and on the location of the centers of 
their disturbances, and their movements in given lines. 

His life, which in its voluminous correspondence with his 
co-laborers articulated at one end with the labors of Humboldt, 
Murchison,Mather and Emmons, spans an interval which has 
been fraught with activity and progress in all theoretical and 
economic science, and at its close was filled with experience 
and with that wisdom which length of days is sure to give to 
the careful and thoughtful student of nature. His education 

^The Indiana Student, April 1886. 
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and training were of the old regime, and he ever manifested 
the Bcrupulousness of statement, of personal manner and of 
conservative caution which its influence engenders He was 
not a great leader, but he filled well and long various subor- 
dinate posts of duty and responsibility which fell to his charge. 
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I. General Statement, 

1. POSITION OF THE FORMATION. 

The Cretaceous beds in central Texas have been removed 
from a portion of the valley of the Colorado and Brazos rivers 
so as to reveal the underlying Palaeozoic rocks. This region 
which has been called by Prof. R. T. HilP the Central Denuded 
Area, consists in its southern portion of a very much dis- 
turbed region of older Silurian and Cambrian rocks with gran- 
ite bosses and possibly Archaean Schists. Unconformably 
upon this is a belt of lower Carboniferous partially revealed by 
the erosion of the overlying unconformable upper Carbonifer- 
ous. Above the latter there is Permian. 

2 EROSION OF THE CRETACEOUS. 

Whether the Cretaceous covered all this central area is a 
mooted question. There seems to be no evidence to the contrary 
and Prof. Hill has announced' the probability of such former 
extension. In several places the Cretaceous is found resting on 

^ Published by permission of £. T. Dumhle, State Geologist for Texas. 
' Ambbican Gboloqist, Jan. 1890. 
•Am. J. Sci., Apr., 1889, p. 284. 
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the Silurian ; in one place, southwest of the Brady in McCul- 
loch county, at an elevation of 2,000 feet. As the Cretaceous 
at this point is of the lowest di\dsion (Trinity of Hill) and as 
Prof. Hill has given evidence that the Cretaceous is in part a 
deep water formation there seems to be no question that it 
once covered all this region, particularly since the entire area is 
surrounded by a receeding Cretaceous bluff. That the Carboni- 
ferous has been uncovered from beneath a uniform mantle of 
Cretaceous strata is evident at first sight. Not only is it sur- 
sounded by a receding bluff of Cretaceous but tongues of 
Cretaceous strata extend over, and isolated buttes and very 
much degraded patches remain upon the Carboniferous. The 
so-called Santa Anna mountains of Coleman county consist 
of two isolated buttes of Cretaceous rock, in the center of the 
Carboniferous, separated from the main mass of the Cretaceous 
on either side by more than fifteen miles. 

3. BOUNDARIES OF THE CARBONIFEROUS. 

a. Probable Extent. 

On the east and west of this Carboniferous area the Creta- 
ceous beds form an almost uninterrupted boundary beneath 
which the continuation of the Carboniferous beds is hidden 
This boundary is broken west.of the central portion and here 
the Permian occurs. Northward the Carboniferous stretches 
away towards the Indian Territory, and this area is 
undoubtedly continuous with the Carboniferous of that sec- 
tion. On the south is the old pre-Carboniferous land. At 
present there is revealed an insular patch of comparatively 
small size ; but the evidence of the Carboniferous rocks seems 
to point to a former much greater extension of this Silurian 
area (as I shall sliow below) east of the Carboniferous and be- 
neath the Cretaceous. 

b. The Silurian Area. 

The Silurian as at present revealed in Piano, Mason counties 
and adjoining counties, is a very much degraded mountain- 
ous tract of pre sub-Carboniferous age. The rocks are all meta- 
morphosed regionally and in places by contact with the granitic 
area. In southern San Saba and Brady counties near the 
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rocks of the Carboniferous system the Silurian is chiefly mar- 
ble, with much contained flint of concretionary origin. The 
fossils are chiefly destroyed by metamorphism, but it is easy 
to separate the two systems on lithologic grounds. An irreg- 
ular line of contact between the Carboniferous and Silurian 
shows an extensively eroded pre-Carboniferous land, and the 
ancient shore line, with its bays, promontories and islands, 
presents an interesting field for study. 

c. Lower Carboniferous Series. 

Resting unconformably on the Silurian rocks is a narrow 
belt of lower Carboniferous limestone somewhat disturbed by 
small synclinals and anticlinals, but with a general dip of one 
or two degrees to the northwest, and a thickness of several 
thousand feet. The breadth of the strip between the Silurian 
and the receding edge of the overlapping upper Carboniferous 
varies from a few hundred yards to several miles, the linear 
extension of the strip being diagonal to the dip. The evidence 
of unconformity is given elsewhere.'* 

II. DESCRIPTION OF THE UPPER CARBONIFEROUS SERIES. 

1. Thickness of the Series, 

Above the lower Carboniferous in the vallev of the Colorado 
river and its tributaries is a series of beds having an aggregate 
thickness of more than 8,000 feet in the area uncovered by the 
erosion of the Cretaceous. I have recently finished a detailed 
study of a portion of these beds, principally in Coleman, 
McCuUoch and San Saba counties, and have made a cross 
section of the series from the Cretaceous on the southeast in 
Lampasas county to the northwestern Cretaceous in Coleman 
county. The entire length of the cross section is not far from 
seventy-five miles. North of the area is a partially continuous 
ridge of Cretaceous outcrop, forming the divide between the 
tributaries of the Colorado'on the south and the Brazos on the 
north. Beyond this ridge the Carboniferous strikes northeast 
toward Indian Territory. In this area the upper Carboniferous 
beds, which in the southern region are buried beneath the 
Cretaceous, are revealed. When these are studied several 
thousand feet of strata will be added to the Carboniferous 
series. 



* Ist Annual Report Texas Geol. Survey for 1889. 
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2. GENERAL 8TRATIGRAPHIC RELATION. 

The beds of the Carboniferous have an almost uninterupted 
dip to the northwests • In a few places their uniform dip is 
slightly disturbed by very small folds, but no faults have been 
detected nor any large folds. At isolated places south of here, 
where the Cretaceous has been eroded from the Paloeozoic rocks, 
a southeast dip has been reported. This has been taken as 
evidence of a broad anticlinal, but the evidence is incomplete. 
It is possible that the dip thus reported is connected with one 
of the disturbances which have occurred in this region in post 
Carboniferous times. Such is plainly the case in the section 
described by Prof, Hill, near Marble Falls.* So far as my 
observations have gone there is no evidence of an anticlinal 
fold. The beds may be traced from the lower to the upper 
in monoclinal sequence. I believe the beds were deposited to 
the north and west of a former much more extensive land area 
perhaps continuous with the older rocks of Indian Territory, 
and that the post Carboniferous disturbances in this region 
have been very slight, consisting of a general elevation with a 
tilting to the west. Contrary to the general hypothesis of an 
anticlinal I am inclined to believe that we have in this region 
a great synclinal trough whose western extension will be found 
in the Rocky Mountain uplift. My reason for this is that 
most of the beds of the upper Carboniferous in this section 
are of littoral origin, and even well up in the section consider- 
able above the middle, are conglomerate beds with pebbles 
chiefly flint derived from rocks closely resembling the 
Silurian of the southern region. That some source other than 
that now visible must have been drawn upon for this supply, in 
part, seems evident from the fact that such conglomerates oc- 
cur thirty miles north of any visible source. This leads me 
to suspect that a Silurian land area is buried beneath the 
Cretaceous east of this. The lower beds, or those near this 
supposed eastern area of Silurian, are coarse-grained, chiefly 
sandstone, and the upper beds, progressively further removed 
from that place, are finer. Furthermore the middle beds, fol- 
lowed northeast along their strike, become more and more 
sandy as they approach this region which by my hypothesis 
should be Silurian. It follows, therefore, if Silurian exists just 
east of this area and these beds are, as they appear, shaUow 

* American Geologist, May 1889, p. 5. 
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water beds derived from this shore, that the hypothesis of an 
extensive anticlinal is untenable. What connection this Car- 
boniferous series bears to that of the mountains in West Texas 
I hope to ascertain this summer. At the present time our 
scanty evidence on the subject seems to indicate a central 
basin changed in Permian times, after a slight uplift, to an 
inland sea,, and then, after a long period of denudation, fol- 
lowed by the cycles of Cretaceous deposition, and finally the 
grand uplift of the Rocky mountains with all its involved 
complication of contemporaneous disturbance and subsequent 
erosion. , 

3. DIP OF THE BEDS. *-<-' Lc-t^-d^v 

In estimating the dip of these beds considerable difficulty is , 

encountered in determining a mean average. The dip is so gen- J I ^ 
tie that the slightest disturbance by recent down-dropping or 
contemporaneous irregularity frequently not only lessens the 
dip, but even at times reverses it. In the few previous obser- 
vations on this central Carboniferous area the dip has been 
placed at a very low figure — even as low as thirty feet to the 
mile. Numerous observations and a carefully drawn average 
have convinced me that this is much too low, and that one 
hundred feet to the mile is not an over estimate, but if any- 
thing something under the true dip. In my calculation I have 
used one hundred feet per mile as the estimated dip. 

4. DIVISION OF THE SERIES. 

a. Richland Sandstone,^ 
The lowest observed beds of the upper Carboniferous are 
sandstone with some interbedded shale and conglomerate, the 
whole obtaining a thickness of 4,500 feet. Without any better 
evidence than its uniform sandy nature and its position as 
the lowest division of the upper Carboniferous unconforma- 
bly resting on the lower Carboniferous, this may be called the 
Texa8^.equivalent of the millstone grit and the upper 3,500 
feet the coal bearing beds. The «andstone of this division is 

'The aee of the word Richland needs some explanation at this place. 
I proposed the name San Saba sandstone, but this name wan needed 
by another member of the Texas survey. The name San Saba used in 
my manuscript was accordingly changed to Richland. The new name 
was unfortunately chosen since the sandstone is not well developed at 
thai point. It occupies nearly one-third of San Saba county. Owing 
to absence in the field I could not be consulted on the subject. Tiie 
First Annual Report Texas Geological Survey, contains an announce- 
ment of this and the other division used in this paper. 
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a light yellow and white rock, generally quite fine grained, 
and containing enough iron to readily form a rusty surface, 
which in pieces long exposed forms a colored shell several 
inches in thickness. The fossils found in this division are 
chiefly plant impressions of the ordinary lepedodendroid and 
sigillaroid types and imperfect casts of lamellibranchs prob- 
ably AUorisma, Myalina and the like. The scattered bands of 
shale are generally sandy and almost equally unfossiliferous. 
Some few thin beds of carbonaceous shale occur; but the out- 
crops invariably consist of disintegrated clay. The conglom- 
erate bands are general local cross bedded layers of more or 
less brecciated pebbles of very small size so that the bed as a 
whole is rather a coarse sandstone than a conglomerate. 

The Richland Sandstone division is terminated above by a 
conglomerate which I have called the Rochelle conglomerate 
bed. This bed which starts near the Rochelle postoffice in 
McCulloch county, has been traced northeast for nearly 
twenty miles, becoming finer grained in this direction and 
where it is buried beneath the Cretaceous being a coarse sand- 
stone with cross bedded layers of fine grained conglomerate. 
This bed is of interest for several reasons. It is an example 
of progressive change in the texture from course to fine grain 
from southwest to northeast, quite the reverse of what is noticed 
in the beds above. The point of origin is plainly the south- 
eastern Silurian, since all the pebbles are flint from these rocks, 
a careful search failing to reveal any other pebbles ; and this 
is the nearest point of approach to the Silurian of any of the 
beds of the Richland division in this area. Near Rochelle it 
rests on an eroded base of lower Carboniferous, a few hundred 
feet thick geologically and as many yards horizontally resting 
on the Silurian, which is at this point a headland. 

h. Milhurn Shales- 

xVbove the Richland division is the division of the Milburn 
shales, a series of alternating sandy shales, clay shales and 
one or two bands of carbonaceous shale Avith thin seams of 
coal. This series thickens to the northeast and has an aver- 
age thickness of about 160 feet. 

c. Brownwood limestone. 
The shallow water alternating beds of the Milburn shales 
are succeeded by deeper water and more uniform sediments. 
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The total thickness of the next division, the Brownwood divis- 
ion, is not far from 1300 feet, chiefly (in the southern part) of 
limestone. On the southern portion tliere is one band of sand- 
stone 25 feet thick and the remainder of the section is lime- 
stone. Much of this limestone is pure and free from foreign 
particles, particularly in the southern portion, but there are 
several bands of impure limestones with a considerable ad- 
mixture of clay and in places even of sand. These beds which 
are marked by a dark brown rust on the surface, when traced 
northeastwards merge into beds of sandstone. At Brownwood 
there are six or eight beds of sandstone in the series instead 
of only one, twenty miles south of that place. It seems cer- 
tain that there must have been a place of origin for this sand 
somewhere east or northeast of Brownwood. Beds of con- 
glomerate in this division contain medium sized pebbles of 
flint resembling that in the Silurian more than thirty-five 
miles south of their present position, and it seems unlikely 
that they have been transported that far. 

d. Waldrip Coal Diinsion. 
The Brownwood limestone division is followed bv a berie.^ 
ofshallowwAter deposits chiefly of fine sediment. This, which 1 
call the Waldrip Coal Division, is the chief coal bearing scries 
of the section. The lower beds are sandstone containing sev- 
eral thin beds of limestone. These beds, which in the south- 
ern portion are nearly two-thirds limestone, become progress- 
ively more sandy to the northeast until west of Brownwood 
they are fully two-thirds sandstone.'' This thickening of the 
sandstone and disappearance of the limestone away from the 
known land area is suggestive : and more so, when, far re- 
moved from the present known Silurian, are beds of conglom- 
erate with pebbles of Silurian flint. The beds above the sand- 
stone are the typical coal bearing shales and clays 300 feet 
thick, with one seam of coal seldom thicker than twentv-four 
inches, and sometimes locally divided into several seams by 
clay i)artings. These beds are particularly rich in fossils of the 
coal series, but no detailed paleontologic study has been made. 
All the limestones of this and the other divisions are rich in 
animal remains, and in the carbonaceous shales the flora is 
well r epresented . 

* A. <letailed stratigrapliic deficription of this and the other division.-* 
will appear in the forthcoming Second Annual l<eport of the Texas 
Geological Survey. 
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('. The Coleman Division. 
The last division of my section is the Coleman division with 
a thickness of 1,700 feet to the point where it is hidden by 
Crttaceous. This division is almost entirely composed of 
numerous thick beds of limestone (100 feet) with interbedded 
clays and shale. The clay l)eds consist of thin strata of 
variously colored clays, (red, yelloAV, white and blue) with clay 
shak'S, sandy shales and thin beds of clayey limestone. 
The aggregate thickness of these strata rarely exceeds more 
than fifty feet in any one series, and both above and below will 
almoj^t invariably be found a thick l)ed of limestone. The 
limestones of this division are adulterated with clay to such 
an extent that it is sonitimes difficult to assert that the rock 
is a limestone. Accompanying this lithological feature is a 
fauntil peculiarity due to the condition of sedimentation. The 
true limestone fauna consisting of Aythris and the like is here 
generally al)sent, and is replaced by lamellibranchs such as 
Allorisma and Myalina and some of the clay-dwelling gas- 
teropods. Large species of Productus and Spirifer are some- 
times abundant, but the delicate species that lived in the clear 
water at the time of deposition of the Brownwood beds are 
rarely observed. An occasional bed of sandstone is found, 
and these beds become more numerous to the northeast. Very 
likelv when the strata of this division are traced further north- 
eastward sandstone beds will be much more frequent and will 
have a greater thickness. 

III. SUMMARY. 

The history of the Carboniferous system as briefly outlined 
on the preceding pages commences with the deposition of a 
considerable thickness of lower Carboniferous limestone on an 
old shore of Silurian land. An interval accompanied by an 
elevation, a small amount of disturbance, and probably some 
erosion, is followed by the opening of the upper Carboniferous. 
Forty-tive hundred feet of sandstone, shales and conglomerate 
ineluded in the Richland division probably represent the 
Texas efjuivalent of the Millstone grit. Following this quite 
uniform shallow water deposit was a time of quiet water 
de])osition, during which the Milburn shales were laid down 
with a total thickness of about 160 feet. A submergence, at 
least in the southwest, marks the beginning of the Brownwood 
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division, a period of limestone deposit in the southwest, but of 
more sandy beds to the northwest, which seems to point 
to the presence of an old land area near there, which is 
now hidden from view beneath the Cretaceous. The last beds 
of the Brownwood division indicate a return to shallow water 
conditions, and this is followed by the coal bearing shale beds 
of the Waldrip division. Following this is the deposition of 
alternating clays and limestones, containing much clay and 
a consequent change in fauna. The conditions of this deposit 
seem to indicate that the then shore line was in the Carbon- 
iferous, and that the Carboniferous beds previously deposited 
and unconsolidated were in part furnishing sediment for the 
forming strata. The Permian conditions are probably being 
approached, and possibly even at this time the basin of de- 
posit has become a partially enclosed sea. A gap of unknown 
extent ensues after the close of the Permian until the beginning 
of the Lower Cretaceous which buried the Palaeozoic rocks, 
now by erosion partially uncovered for study. 



ON THE GLACIATION OF THE NORTHERN PART OF THE 

CORDILLERA, WITH AN ATTEMPT TO CORRELATE 

THE EVENTS OF THE GLACIAL PERIOD 

IN THE CORDILLERA AND 

GREAT PLAINS. ^ 

By Grorqe M. Dawson, L L.D., F.G.8. 
ABsiBtant Director Geological Survey of Canada. 

Broadly viewed, the Cordilleran region of British Columbia 
and the adjoining part of the Canadian Northwest Territory to 
the north of that province, may be said to constitute an ele- 
vated mountainous zone bordered by two dominant ranges — 
that of the Rocky mountains proper on the northeast and that 
of the Coast ranges on the southwest. The width of this zone 
is about 400 miles, and on one side of it lies the wide area of 
the great plains, on the other the Pacific ocean together with 
ii partially submerged outer mountain-range of which Van- 
couver island and the Queen-Charlotte islands are projecting 
parts. 

In a communication whi(^h has already appeared in this 
journal,' the writer has briefly outlined the principal observa- 

^ This article may be considered as a partial abstract of a paper read 
by the author before the Royal Society of Canada, May 29th, 1890. 
^ Vol. Ill, p. 249. 
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tions in accordance >vith which he has been led to believe that 
this part of the Cordillera of the West was, in the Glacial 
period, covered by a great confluent glacier-mass. Evidence 
of the existence of the southern part of this great ice-mass 
Avas, at an early stage in his investigation of the glacial phe- 
nomena of the region, obtained in the corresponding part of 
the interior plateau of British Columbia ; and though doubts 
were at first entertained as to the mode by which the traces of 
a general, as distinct from the local, glaciation of the region 
might be explained, these were solved at a later date.' Still 
later, the writer was enabled, while engaged in an exploration 
in the Yukon district, to find evidence of the northivestward 
extension of the same confluent glacier and approximately to 
determine its limits in that direction. Having tlius surround- 
ed the area of this great glacier, it was proposed to name it the 
Cordilleran Olacier in order to distinguish it from the second 
and larger ice-cap by which the northeastern part of the con- 
tinent was at the same period more or less completely covered.^ 
The Cordilleran glacier, as thus defined, had, when at its 
maximum development, a length of nearly 1200 miles. The 
main gathering-ground or ncvc of the merde glace was contained 
approximately between the 55th and 59th parallels of north lati- 
tude, that part of the ice which flowed northwestward havinir 
a length beyond these limits of 350 miles, that which flowed in 
the opposite direction a length of about 600 miles. When at 
its greatest, a portion of its ice also passed off* laterally by gaps 
transverse to the Coast ranges, and filling the wide valley be- 
tween Vancouver island and the mainland, the ice there divided 
and flowed in opposite directions as the subsidiary, but yet large, 
glaciers of Queen-Charlotte sound and the Strait of Georgia. 
Ice from the main mer de glace does not appear to have crossed 
the Rocky Mountain range proper, on the other side, though 
considerable local glaciers were at the same time developed on 
the northeastward slopes of this range. 

That portion of the Cordilleran glacier which moved south- 
eastward along the interior plateau of British Columbia, is now 
known, from numerous observed instances of striation crossing 
high points, to have covered the summits of isolated niouir- 
tains of 7000 feet and over in hight ; a circumstance which im- 

^ Quart. Journ. Geol. Soc, Vol. XXXVII, p. 283. 
♦Ueol. Mag., August, 1888. 
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plies that the ice reached a general thickness of 2000 to 3000 
feet above even the higher tracts of the plateau, Avhile it must 
have attained a thickness of over 6000 feet above tlie main 
river-valleys and other principal depressions of the surface/ 

The existence of this great Cordilleran glacier is naturally 
the first event of the period of glaciation of which evidence has 
been found in the region, as its ice-mass was competent to 
remove all signs of the more local growing glaciers which 
must have occurred during the early stages of the period of 
cold. 

The object of this paper is to sketch briefly, in the first 
place, the subsequent history of the eyents of the Glacial per- 
iod in this part of the Cordillera, and in the second, to en- 
deavor to show in what way these events may be connected 
with those of the same period found on the Canadian great 
plains. In so doing it will not be possible to pursue the in- 
ductive method by which the propositions here stated have 
been reached, nor even to do more than to refer to the nature 
of the evidence upon which the various statements are based. 
Much of this evidence has however already been published in 
several papers written during the past fifteen years, and a sum- 
mary of that which has not yet been made public is contained 
in a forthcoming more detailed memoir on the same subject. 
For this reason, the writer feels that he must claim the indul- 
gence of the reader to some extent, in here advancing hypo- 
theses without adequate proof, and without even giving in de- 
tail the reasons which have led him to modify suggestions al- 
ready made by himself at various stages in the investigation. 

During the maximum of the Cordilleran glacier, it appears 
that the Cordillerian region stood at a considerable higher level 
than it now does, while an important part at least of the great 
plains was depressed to such an extent as probably to admit 
waters in connection with, and at the level of those of the sea. 
The eventual retreat of the Cordillerian glacier was contempo- 
raneous with, if not caused by, a subsidence of the mountain 
region. 

The first eft'ect of the decay of the great glacier appears 
to have been the production of lakes upon its surface or 
within the central part of the southern portion of its area, in 

^These stateuieuts depend in part on facts published in the Geologi- 
<'al Magazine, August , 1889 ; in part on additional evidence yet unpub- 
lished. 
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the relatively dry region of the interior plateau. Along the 
borders of one or more such englacial lakes, terraces, composed 
of material resembling boulder-clay, were formed on projecting 
highlands.** The best marked and highest terrace to which 
this origin is attributed, has an elevation of about 5290 feet 
above the present sea level, and this terrace, (or others at or 
about this level,) has now been recognized in a number of 
places. Such englacial lakes continued to increase in size and 
to become lower in level, for some time, while the general sub- 
sidence also progressed. There is also some evidence to show, 
that after the final draining of these lakes and as the great 
glacier retreated from the interior plateau, it was followed by 
gradually deepening Avater which was in communication with 
that of the sea. The boulder-clay deposit of the interior plat- 
eau is believed to have been formed during this retreat, at, or 
in water contiguous to, the retiring ice-front. The lower boul- 
der-clay of the littoral was laid down under similar circum- 
stances, but at a somewhat earlier stage in the glacial deca- 
dence, and as the submergence became deeper, stratified intf^r- 
glacial silts were formed above it in the same region. 

The nextchange is supposed to have been a re-elevation of the 
Cordillera, during which most of the higher terraces of British 
Columbia Avero formed, and some further evidence of which is 
offered by the removal at about this time of much of the pre- 
viously formed boulder-clay from some of the larger river val- 
leys.' The land eventually stood probably as high and pos- 
sibly higher than it now does relatively to the Pacific, and in 
consequence of its elevation and the severe general conditions 
of the climate of the period, it became again covered to a con- 
siderable extent by glaciers, which, however, were as a rule, of a 
local character and in evident relation to the various mountain 
ranges. 

Following the maximum of this second period of glaciation. 
came apparently a second subsidence, less in amount than the 
first, but sufficient to depress the Cordilleran belt generally, to 
a level about 2500 feet below that which it holds at the present 
day. At this stage, and while glaciers of considerable size still 
occupied the mountain-valleys, and the position of the neve of 
the former Cordilleran glacier was probably held by an ice-cap 

" These must at the time have resembled the Nunatakz of Greenland. 
^ The date assigned to this removal depends on the existence and 
relations of the silt deposits next alluded to, in the same valleys. 
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of some size, the land remained nearly stationary for a long 
interval, and remarkable and important silt deposits, well bedded 
and of considerable thickness, were tranquilly laid down in 
different low tracts scattered along the Cordillera region for a 
length of about 1200 miles. These deposits, the writer has in 
previous publications referred to as the White SiltSy and as 
observations accumulated, it at length became evident that 
these silts possess more than a local significance. They appear 
in fact to constitute a well marked formation, characterizing a 
definite and long maintained stage of stability in the glacial 
history. In the various more or less completely 8eparate<l 
basins in which they occur, their level is so nearly identical, 
as apparently to show that this must be referred to a common 
cause, which it is believed, in consideration of all the circum- 
stances and particularly in view of the vast area which the 
observations here referred to cover, can have been no other 
than the elevation of the sea at the time. No morainic or other 
accumulations have been found such as to account for the pro- 
duction of lakes in which these silts might be supposed to have 
been deposited,and had they been formed in separate lakes held 
in either in the manner suggested or by glacier-dams, they 
would, in a region of such bold relief as the Cordillera, be ex- 
pected to occur at different levels in each basin.'' 
The level Avhich is obviously the important one in dealing 

with this subject, is that of the upper limit of the main White 
Silt deposit in each basin, and in order to present the salient 
facts of this important episode in the glaciation of the Cordill- 
era, the significance of which is here for the first time pointed 
out, the general result may be given as in the subjoined list. 

"The occurance of two sucli areas at tlie same level, under the rir- 
cumstancos, might be characterized as a remarkaMe coiiu*id«»nce. of 
three as an extraordimiry coincidoiice and if several as a coincidence 
of an astounding character, unless under thn inHumce «>f a commnn 
cause as here suggested. 

•In classing together the principal occurrences of silty deposits of the 
Cordillera, under the name of the AVhite »^ilt formation, it should be 
noted that the silts so included are not the only ones of the region. Occa- 
sional small and local occurrences of silts at considerably higher levels. 
are found, and some of these are known to be due to glacier-dammed 
lakes of an earlier stage. The lower level of the AVhite Silt formation, 
is also to some extent indefinite, as it is probable that some ])ortions of 
it were deposited in relatively deep wat<.»r, while in other i>]aces. re- 
arranged silts have since been formed at lower levels, and these it is 
not always possible to distinguish from those of the original main 
deposit. 
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Normal upper level of the White Silt formation in various 
points of the Cordilleran reg^ion. 

- . Normal hiehest 

Jhstrict. level in feet Above 

sea, of main pflt 
formation. 

Colimibia-Kooianie valley, between Uocky mountains/ »,^qq 
and Gold ranges. (Opens to the south.) f -'^'"* 

Southern i»art of Interior Plateau. Silts here chiefly) 

confined to main valleys, (opens to tlie south andv 2500.'" 
to the Pacifi(t.) J 

Northern part of Interior Plateau. Silts here cover an) 

area of about 1000 square miles. (Opens to Peace > 2400. 
Hiver plains and to the south. ) ) 

Peace Kiver Plains. Silts here cover surface of plateau I* „\oq 
(In drainage basin of Mackenzie river.) f "' 

Upper valley of Stikine. (Opens to Pacific.) I 2200 to 2:W 

Upper Liard Basin. (Opens to Mackenzie.) t 2400. 

Upper Yukon Basin. (Drains to Behring sea.) [ 2700. 

The material of the White Silts was evidently aflbrded by 
streams flowing from adjacent glaciers, the approximate limits 
of which at the time are shown by the termination of the Silts 
as they approach the various ranges at levels lower than those 
elsewhere attained by these deposits." 

The evidently somewhat rapid retreat of the already reduced 
glaciers of the second period, was apparently not in relation 
to subsidence of the Cordillera, but on the contrary, seems to 
have been contemporaneous with, or was soon followed by, a 
progressive movement in elevation. It is supposed that this 
final decay of glaciers occurred rather in connection with a 
general amelioration of climate, by which the close of the gla- 
cial period as a whole Avas brought about, as to the cause 
of which no opinion is licre offered. 

'^ The greatest development of silts here is below 1700 feet, which 
with other facts, is supposed to indicate partial local elevation, during 
the progress of the deposit. The ui>per level here given is, however, 
well marked. 

'^ Mr. I. C. Russell, in a valua})le paper entitled Notes on the Surface 
G«oZo<7y of -4 /a«A:a, proposes to name the body of water in which the 
silts of the Lewes have been laid down, *Lake Yukon.' Holding as I 
do that this water was not that of an isolated lake, I would suggest the 
name * Yukon Inlet*. The silt formation on the Lewes has an upper 
limit of about 2150 feet, while in the contiguous region of the Upper 
Pelly, the limit is found at 2700 feet, as given above. The lower 
level of the higher part of the formation on the Lewes, I believe to be 
due to the fact that the whole upper portion of this valley was oc- 
cupied by glacier-ice at the time of its deposition, Of. Report of Pro- 
j^ress Geol. Surv. Can., 1877-78 p. 153 B; Annual Report Geol. Surv. 
Can., 1887-88, Part B; Bull. (4eol. Soc. Am., Vol. I. 



Glaciation of the Cordillera. — Dawson. 159 

It is worthy of note, that most of the long fiord-like lakes of 
the mountain regions of British Columbia, can be shown to oc- 
t;upy portions of the abandoned beds of the glaciers* of the stage 
of the White Silt formation. To the elevation which began 
about the time at which we have now arrived, tlie draining of 
the White Silt basins, together with the formation of all the 
lower-level terraces, is supposed to be due. There appears, 
however, to have been one well marked pause, during whicli the 
littoral, at least, was at a hight about 200 feet lower than it now 
is, and there is in addition some evidence of a succeeding move- 
ment in elevation of several hundred feet, which, if it occured, 
constitutes the last important change of the kind in the 
region.'-^ 

Having elsewhere discussed the glaciation of the great plains 
at some length, '' the writer may now without attempting any 
further description of the phenomena which they present,ofrer 
the subjoined comparative scheme of events in the areas of the 
plains and the Cordillera respectively. Under this scheme, he 
has endeavored to include all the known facts and to deal 
with these in the light of personal familiarity with the greater 
part of both regions, and while it can scarcely be hoped that 
this scheme, here tentatively presented, will be found to stand 
the test of further investigations in all its details, it is believed 
that it may at least be accepted as indicating the mode in 
which the facts met with must be explained. In explanation 
of the fundamental idea involved in this comparison it may be 
premised, that already in Tertiary times some evidence is given 
of correlative phases of elevation and depression as between 
the Cordillera and the great plains, and these, it is believed, 
may have culumiated in a series of important correlative 
movements during the Glacial period, in whic^h the plains were 
in a position more or less exactly complementary to the 
Cordillera. The general application of such correlative move- 
ments in the Glacial period, has lately ])een forcibly advocated 
by Mr. Warren Upham *\ and appears to the writer to hold 

" Cf. Canadian Naturalist, February 1878. 

"Geology and Resources of the 49th Tarallel, Chapters ix and x ;Quart. 
Joum. Geol Soc, Vol. xxxi p. 603., Vol. xxxvii, p. 27(); Report of 
Process Geol. Surv. Can.. 1884-85, p. 139 C. See also R G. McCon- 
neir, in Ann. Report, Geol. Surv.Can., 1885, Part C, and J. B. Tyrrell 
Ann. Report Geol. 8urv. Can. 188(), Part E. 

" Wright's Ice Age in North America. Appendix A. 
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out the prospect of a solution of many of the difficulties which 
have so far attended the explanation of the facts of this period. 

Soheme of Oorr«lation of the Phenomena of the Glacial Period in the Oor- 
dilleran Beglon and in the Beylon of the Great Plains. 



Cordilleran Region. 

Cordilleran zone at a high ele- 
vation. Period of most severe 
glaciation and maximum develop- 
ment of the great Cordilleran 
glacier. 



Gradual subsidence of the Cor- 
dilleran region and decay of the 
great glacier, with deposition of 
the boiilder-clay of the interior 
plateau and the Yukon basin, of 
the lower boulder-clay of the lit- 
toral and probably also, at a later 
.stage (and with greater submer- 
gence) of the interglacial silts of 
the same region. 



Re-elevation of the Cordilleran 
region to a level probably as liijrh 
as or somewhat higher than the 
present . Maximum of second per- 
iod of glaciation. 



Partial subsidence of the Cor- 
dilleran region, to a level about 
2500 foot lower than the present. 
Lons; stage of stability. Glaciers 
of the second period considerably 
reduced. Upper boulder-clay of 
the coast probably formed at this 
time, thougli perhaps in part dur- 
ing the second maximum of gla- 
ciation. 



Renewed elevation of the Cor- 
dillera region, with one well 
marked pause, during which the 
littoral stood about 200 feet lower 
than at present. Glaciers much 
reduced, and diminishing in con- 
sequence of general amelioration 
of climate towards the close of 
the Glacial period. 



Region of the Great Plains. 

Correlative subsidence and sub- 
mergence of the great plains, with 
possible contemporaneous in- 
creased elevation of theLaurentian 
axis ami maximum development 
of ice upon it. Deposition of the 
lower boulder-clay of the plains. 

Correlative elevationof the west- 
ern part, at least, of the great 
plains, which was j)robably more 
or less irregular and led to the 
production of extensive lakes in 
which interglacial depositn, in- 
cluding peat, were formed. 



Correlative subsi<lence of the 
plains, which (at least in the west- 
ern part of the region) exceeded 
the first subsidence and extended 
submergence tt» the base of the 
Rockv mountains near the 49fli 
parallel. Formation of second 
boulder-clay, and (at a later stag?) 
dispersion of large erratics. 

Correlative elevation of tlie 
plains, or at least of their western 
portion, resulting in a c(mdition 
of equilibrium as between the 
plains and the Cordillera, their 
relative levels becoming nearly as 
at present. Probable formation 
of the Missouri c<">teau along a 
shore-line during this period of 
rest. 

Simultaneous elevation of tho 
great plains to about their present 
level, with final exclusi««n of 
waters in connection with the S'^a. 
Lake Agassiz formed and eventu- 
ally drained toward the close of 
this period. This simultaneous 
movement in elevation of both 
great areas may probably have 
been connected with a more gen- 
eral northern elevation of land at 
the close of the Glacial period . 



Referring to the several correlative movements of elevation 
and of depression of the Cordillera and the great plains, above 
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set forth, it may be admitted on h priori grounds as not im- 
probable that such conditions of oscillation once initiated, in 
consequence of the interaction of whatever forces, might 
have a tendency to repeat themselves several times before a 
stable condition was regained, — a state of equilibrium being 
in the end attained either by the general decrease in intensity 
of the operating causes, or by the final ascendency of one 
class of these. It may also be pointed out that the supposed 
sequence of events is generally in accordance with the view 
that the epochs of maximum glaciation of the Cordillera, were 
those of its greatest elevation, while the decay of its glaciers 
was in both instances accompanied, if not caused, by subsi- 
dence leading to the encroachment of the oceanic waters. 
The supposed flooding of the great plains (the glaciated portion 
of which lies almost entirely in the Arctic basin )by cold north- 
ern waters, while the Cordillera stood as a much elevated land 
between these and the warmer waters of the Pacific, in itself 
goes far to explain the conditions under which the excessive 
precipitation required for the production of the Cordilleraii 
glaciers might occur. 

The sequence of events here advanced is furthermore com- 
patible with the belief that the weight of a ponderous ice-cap 
may alone be sufficient to produce subsidence of the land, and 
with the idea that such an ice-cap may thus eventually become 
self-destructive, by obliterating the elevation to which its ex- 
istence is in the first instance largely due. 

Though independently based upon, and primarily intended 
to include the observed phenomena of the Glacial period in the 
northwestern part of the continent alone, it is also worthy of 
remark, that the elevation believed to have affected the Cana- 
dian plains during the interglacial episode, is to some extent 
confirmed by the fact that Messrs. Chamberlin and Salisbury 
find evidence of a similar upward movement of the upper 
Mississippi valley at a corresponding time, to an amount of 
about 1000 feet." It is further noteworthy that the two great 
correlative movements of elevation of the Cordillera and d(»- 
pression of the great plains here admitted, correspond in ii 
general way with the principal 8imilar,though less considerable, 
changes in level, which are acce])ted by Mr. W. J. McGee as 
explaining changes which affected the region of the middle At- 

" Sixth Annual Report U. S. Geol. Survey, p. 214. 
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lainic slope, and indicated there by the Columbia formation.'* 
As ill the case of the great plains, both changes in level were 
ihere in the sense of depression, followed by re-elevation, but 
if we may l»elieve that depression in one region is made up 
for by elevation in another, the only important point to which 
attention need be drawn, is that ]>oth maxima of glaciation, 
on the Pacific as well as on the Atlantic side of the continent, 
wen' coincident with considerable disturbance in level. 

It mav be added in conclusion, that it is now distinctlv 
known, as tlie result of work done under the auspices of the 
(Geological Survey of Canada, and more particularly of obser- 
vations by the writer and his colleagues, Messrs. McConnell 
and Tyrrell, that the extreme margins of the western and 
eastern glaciated areas of the continent barely overlap, and 
then only to a very limited extent, while the two great centers 
of dispersion were entirely distinct."" For numerous reasons 
whicli can not be here entered into, the writer does not con- 
sider it jirobable or even j)ossible that the great confluent 
<j;;acier of the north-eastern part of the continent extended at 
any time far into the area of the great plains, but erratics and 
drift derived from this ice-mass did so extend and are found 
between the 4S)th and 50th parallels stranded on the surface of 
Tiioraines produced by the large local glaciers of the Rocky 
mountains. Recognizing, however, the essential separateness 
of the western and eastern confluent ice-masses, and the fact 
that it is no longer appropriate to designate one of these the 
^'Continental glacier,'' the writer ventures to propose that the 
eastern me7' de glace may appropriately be named the great 
Lmirentide glacier^ while its western fellow is known as the 
Cordilleran glacier. 



NOTES ON THE CHARACTERS OF THE ERUPTIVE 
ROCKS OF THE LAKE HURON REGION. 

Harom> W. Fairbanks, Ann Arbor. 

The material for the following notes is based on the field 
relations, and microscopical characters of eighty specimens 
of the dikes and other irruptive rocks observed during a trip 
around lake Huron, in a small boat, in the summer of 1889. 

' Seventh Annual Report U. S. Geol. Survey, p. 639. 
' Cf. Geol. Mag., Dec. ni, vol. v, p. 250. 



Eruptive Rocks of Lake Huron Region, — Fairbanks. lt>'> 

The exposures of Laurentian gneiss, forming the whole of the 
eastern and northern sides of Georgian bay, as far as the vil- 
lage of Killarney, are remarkably free from regular dikes. Thero 
were noticed however, two occurances of an apparently irrup- 
tive rock of much interest : a small bare island just above the 
water, four miles north west of Bushby inlet, is formed of a 
dark massive rock, very different from the gneiss of the sur- 
rounding islands. Under the miscroscope it is seen to consist 
largely of a deep green strongly pleochroic hornblende, in ex- 
ceedingly irregular crystals or leaf-like aggregations. The 
centres of the crystals appear of a dull color and are rendered 
nearly opaque by thickly clustered minute grains of magnet- 
ite arranged along the cleavage lines of the former augite crys- 
tals. Large grains of magnetite arc associated with the horn- 
blende as, also, are numerous biotite leaflets and garnets ; 
these are all embedded in a water-clear granular matrix of 
<[uartz and indistinctly twinned feldspar. 

A little north of Bing inlet occurs another rock of similar 
aspect, cutting the gneiss in an irregular manner. Under the 
microscope this shows a very interesting character, and though 
the constituents appear to be secondary, yet its derivation from 
a diabase is evident, and illustrates how completely the primary 
minerals may be removed and yet their form preserved. Garnet, 
magnetite, mica, (juartz and epidote are the most important 
constituents; Dark, nearly opaque, masses polarizing in deep 
blue and purplish tints and allotriomorphically developed are 
decomposition products of augite. Penetrating these dark 
masses are angular spaces exactly corresponding in form and 
arrangement to labradorite crystals in diabase, and filled with 
paramorphs of garnet aggregates. The open spaces between 
the alteration ])roduct8 of augite are filled partly with elongat- 
ed rectangular aggregations of garnets, and partly by granular 
quartz, epidote, mica, and aggregations of green microlitic 
bodies. In many of the garnet aggregates are quartz grain.^ 
and an interlacing net-work of green microlites. Lines of 
garnet surround all the dark augite alteration products and 
mica and garnets border the large irregular magnetite grains ; 
scales of mica are often enclosed in the magnetite. 

Three miles east of Killarney, near the junction of the 
quartzite with the Laurentian gneiss, appears the first un- 
mistakable dike intercalate<l with a fine granulite whose strike 
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is a little south of west. Labradorite, augite, magnetite and 
upatite needles are the only constituents. The labradorite crj'S- 
tals are beautifully twinned, and show the beginningof decom- 
position into a green fibrous substance; or perhaps rather a 
migration of the decomposition products (actinolite?) of the 
augite within the plagioclase. Many do not extinguish sim- 
ultaneously for on revolving the stage light and shadow sweep 
across from one side to the other or from the centre out- 
ward. The augite shows polysomatic crystals ; and the mag- 
netite presents crystalline outlines suggesting, though by no 
means proving, it to be primary. 

Five miles westward on Badgely island, a dike of precisely 
the same microscopical character intersects a granitoid rock 
in an east and west direction; this may be a continuation of 
the one just described though somewhat wider and having near 
its southern edge two narrow dikes ; one a foot wide the other 
three feet. This dike illustrates well the the usual character 
( »f a mass irrupted through a cool rock : it is coarse in the 
centre,much broken into rectangular blocks by jointing planes, 
while at the sides it is aphanitic. 

For sixty miles no more normal diabase dikes are seen. 
Numerous altered diorites are met along the shore or on the 
islands. Some are only a few feet wide, others fully a mile 
across. These extend more or less continuously westward 
from Cloche island, forming the whole or simply the northern 
sides of many of the chain of islands as far as six or eight 
rniles beyond Spanish mills. This altered diorite, whether in 
an occasional narrow branch intersecting quartzites and schists 
or in its great mass, exhitits a remarkable uniformity over its 
whole extent, showing quite uniform composition, texture, and 
<logree of alteration. The main body is intercalated with the 
schists which have a very constant east and west strike and 
vertical dip. Between this irruptive rock and the bedded 
schists is usually a dark, soft layer of chlorite schist, resulting 
evidently from movement and pressure. In one place only 
were the strike and dip of the country rock noticed as being 
disturbed, this was ten miles west of the Wallace mine where 
ihick-bedded quartzite forming a small island has a dip of but 
45"^ . Directly adjoining this is a large, high island consisting 
entirely of diorite which is, evidently, the cause of the unusual 
dip. 
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Microscopic examination of sections from various portions 
of this great eruptive mass as well as from several narrow 
dikes east of Cloche island shows in most instances a highly 
decomposed diorite. In only a few instances is there any ap- 
pearance of the derivation of the hornblende or the chlorite, 
into which it is largely decomposed, from any preexisting 
augite. A section from a narrow dike in the granite a little 
north of Killarney shows a micaceous diorite containing much 
brown mica ; some uralitic hornblende, the rest bleached and 
fibrous with dark green borders ; nmall twinned plagioclase 
crystals ; granular epidote, and pyrite. The mica scales and 
green hornblende are often mixed indiscriminately. 

Another narrow dike, in sericite schist on the long peninsula 
south east of Cloche island, under the microscope shows a 
uralitic hornblende schist. The hornblende crystals polarize 
in deep green to yellowish tints, are irregular in outline and 
terminate in long actinolite like fibres. The fine granular 
matrix between the large crystals is filled with similar long 
green fibres, mica scales, and a little magnetite. Basal 
sections show hornblende cleavage. In the centre of the large 
crystals are dull circular spaces dotted thickly with granular 
magnetite, traces perhaps, of preexisting augite. Sections 
from two dikes south-west of Wallace mine, exhibit a pale green 
chloritic hornblende, granular in the centre with bright green 
fibrous edges ; magnetite grains dot the cleavage cracks, and 
the feldspar crystals are largely clouded. A dike intersecting 
a high (piartzite knob contains a large proportion of deep 
green, fibrous hornblende, similar to the uralitic hornblende 
schist just described. The feldspar is dotted with aggregations 
of granular epidote ; and ilmcnite in small opaque granules 
with cloudy (leucoxenc?) borders is present in small quantity. 
The next half dozen sections are taken at intervals from the 
extensive exposure of massive diorite, before described as form- 
ing a large part of the islands for so many miles. These sec- 
tions are so nearly alike that one description will do for all. 
In the most of them, alteration has proceeded so far that 
simply a confused mass of secondary products appears. 
The viriditic or chloritic constituent, in irregular, pale green or 
almost colorless crystals, represents former hornblende; judg- 
ing from numerous basal sections. These bleached fibrous 
crystals show such an indefinite character it is often diliieult 
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tc^ distinguish from among them the decomposition products 
of the feldspar crystals, whose outlines are nearly gone, and 
are represented partly by epidote and partly by akaolinic pro- 
duct with a little granular calcite. Many sections show 
ilmenite grains with cloudy borders, and numerous small 
bright, orange-red granules or crystals which as nearly as can 
be determined are rutile. There is also some secondary quartz 
and orthoclase. 

A very peculiar vein or dike occurs in thediorite afew miles 
west of Spanish mills. Thin sections shows it to be a mica- 
ceous pyroxene schist exhibiting the following minerals : a 
rhombic pyroxene, biotite, quartz, magnetite, chlorite and 
serpentine. The pyroxene crystals show strong pleochroisnj, 
are very much broken, irregular and somewhat altered, so that 
the cleavage is indistinct, yet the general appearance is that 
of hypersthene. Numerous large scales of mica are partly in 
good condition and partly altered to a brownish or greenish, 
almost amorphous substance, full of numerous opaque needles 
and grains. Fine granular quartz forms the body of the rock. 

About eight miles west of Spanish mills granite and gneiss 
again take possession of the shore and islands. On the mainland 
northwest of Bird island appear several elongated, rectangular 
masses of dioritc enclosed in granite. They have a perfectly 
fresh appearance. A strongly pleochroic hornblende, often in 
well formed crystals is mingled with about an equal amount 
of plagioclase and a little magnetite and quartz. 

A dike of typical olivine diabase, three hundred feet wide, 
appears to the westward. It lies in an cast and west direction 
and is intercalated with gneiss. To the naked eye it could 
not be distinguished from the diabase exposure at Kiilarney, 
but under the microscope is seen to vary somewhat. The au- 
gite is in almost perfect condition and as usual, is allotrio- 
niorphically developed, exhibiting pale brownish color, strong 
double refraction and rough section surfaces. The feldspars 
show beautiful twinning and are sometimes entirely enclosed 
in the augite. Many of the crystals show extinction succes- 
sively in successive portions. Inclusions of long apatite 
needles are very abundant. The form of the magnetite crys- 
tals often appears to be conditioned by that of the feldspar, 
showing that the feldspar crystalized first. Considerable oli- 
vine, sometimes showing crystalline boundaries, but more often 
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granular, is scattered over the section ; many of the grains 
are undergoing decomposition on their borders into green ser- 
pentine and magnetite. 

A narrow diorite dike west of Cook's mills shows a com- 
plete alteration similar to that before described. Basal horn- 
blende cleavage is often shown in the chlorite. 

On a series of small islands, two miles west of Algoma Mills 
another completely altered diorite appears which contains 
some secondary quartz and orthoclase', as well as the usual 
decomposition products. Another dike similarly decomposed 
just east of Blind River mills, is characterized by a large 
amount of leucoxene containing stringy portions of ilmenite. 

The four following sections are from one of a number of 
similar dikes extending in a direction a little south of west 
from Blind river and forming the back bone of a number of 
islands. These sections exhibit the usual variation between 
a coarse centre and an aphanitic edge. The two sections tak- 
en from nearest the centre and the one from the edge are com- 
pletely altered. The feldspars are represented by cloudy ag- 
gregates, and the augitic constituent by a confused mass of 
pale green or yellowish appearance, bordered in places by 
green hornblende. There is also much granular magnetite 
and leucoxene. The fourth section, taken a few feet from the 
edge is not so much decomposed and gives the key to the 
original composition of the whole mass. Decomposition, as 
with the others, has formed much dirty green matter, magne- 
tite and a clouding of the feldspars. But the centres of many 
crystals of augite appear in good condition, showing basal 
cleavage and usual polariiation colors. The dike cuts across 
the strike and bedding of the quartz schists at a small angle, 
lacking about twenty degrees of being vertical. 

Contact metamorphism of the schists is finely illustrated by 
their vitrification for several feet on each side. 

The shore line from this point to within about three miles 
of Thessalon, a distance of perhaps twenty-five miles, is occu- 
pied by a granitoid rock, containing in many places angular 
inclusions of foreign material which together with a sort of 
flowage structure presents the appearance of a semi-eruptive 
mass. Narrow dikes occur at short intervals and as a general 
thing lie in a direction approximating east and west. About 
four miles west of the mouth of Blind river, a large irregular- 
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ly bounded mass of diorite seems to have broken through the 
granite and in places the red coloring matter of the latter is 
blended with the eruptive rock. Sections from the various 
portions show, as usual, a hij^h state of alteration. In one in 
particular the forms of the feldspar crystals are scarcely dis- 
cernible, while distinct, four to six sided crystals of chlorite 
and others of granular epidote, seem to be paramorphs after 
hornblende. 

Two sections of dikes a little to the east show very distinctly 
the effects of pressure in the broken and crushed feldspar crys- 
tals. The cracks are filled with chlorite. One of the sections 
shows crystals of leucoxene altered to titanite. Proceeding 
westward toward Thessalon the various dikes met, with few 
exceptions, are greatly altered, and exhibit a very similar ap- 
pearance. In some there is a deep uralitic hornblende ; in 
others it is chiefly viridite; a little magnetite or ilmenite 
with leucoxene and rutile often appear; and occasionally apa- 
tite needles. One dike deserves mention as it contains horn- 
blende which has every characteristic of primary origin, be- 
ing indistinct pleochroic crystals. 

Three miles east of Thessalon three sections were obtained 
from a dike intersecting a basal Huronian conglomerate. They 
do not show much differgnce in texture between the middle 
and the edge and are very much altered. The section from 
the centre contains a large amount of calcite in granular ag- 
gregations ; plagioclase, partly decomposed ; chlorite, apatite 
needles ; quartz ; and numerous opaque and cloudy granules, 
referable perhaps partly to magnetite and partly to ilmenite. 
The specimen intermediate between the centre and the edge 
contains long, jagged, opaque needles like ilmenite, also some 
mica, in addition to the minerals of the other section. That 
from the edge contains long lath shaped crystals of plagio- 
clase mostly clouded and cut up by numerous small epidote 
crystals and has instead of ilmenite many crystals somewhat 
granular and cloudy but otherwise closely resembling tita- 
nite. 

A (juarter of a mile west of this point a mass of eruptive 
rock begins, and extends along the shore continuously to 
Thessalon. This presents a uniformly, fine aphanitic texture 
often amygdaloidal, and in places on the upper surface where 
the amygdules have decayed out, shows a highly scoriaceona 
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character, reminding one of the lava overflows of the western 
states. Near the eastern border this mass presents a jointed 
and somewhat slaty appearance. And a mile east of Thessa- 
lon, portions are so soft as to resemble chlorite schist. The 
amygdules are usually calcite, epidote, or quartz. The quartz 
is not often amorphous but in fine granular mosaics, with the 
grains arranged concentrically around the cavity ; the coarser 
in the middle. Some of the larger cavities contain agates. 
Angular or rounded fragments of felsite and granulite stand 
out distinctly in numerous places. Rounded pebbles of clear 
quartz, several inches in diameter, occur frequently, present- 
ing no signs of secondary origin. At one spot a more modern 
dike cuts this old eruptive formation. It is fresher looking 
but contains the same constituents. 

Ten sections made from various portions are almost identi- 
cal in composition though they show considerable variation in 
the degree of alteration and in texture. The components are 
not distinguishable to the naked eye, but under the microscope 
show minute interlacing crystals of plagioclase usually cloud- 
ed; and alteration products consisting of chlorite, viridite, 
epidote, calcite, and sometimes mica and leucoxene. Two sec- 
tions show a microfelsitic texture ; and in one are large crys- 
tals of feldspar of previous generation. 

Whether the original state was that of a melaphyre or ba- 
salt, it is impossible to say. Logan applies the term **chlorite 
slate" to this mass of rock, which is very misleading, for it is 
plainly a lava overflow with no traces of stratification. 

Quart zite is met again a short distance west of Thessalon 
and on several islands it is intersected by dikes having an east 
and west direction. The first is a coarse diabase much alter- 
ed, the augite being mostly changed to uralitic hornblende, 
mica and viridite. The feldsi)ar crystals are largely clouded ; 
the unaltered ))ortions nhow successive extinction similar to 
that noticed in diabases farther east. The magnetite is usual- 
ly surrounded by a layer of biotite mica. A section from the 
edge of this dike shows lath-shaped labradorite in good con- 
dition, and much magnetite and alteration products. On an 
adjoining island, appears a dike quite similar to this, though 
not 80 much altered ; the augite is in polysomatic crystals, and 
often bordered by green hornblende. One of the largest crys- 
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tals has terminating within itself a long, narrow, rod-like 
crystal of augite which is differently oriented. 

A mile westward appears an interesting rock which in thin 
sections shows a very pretty pegmatitic structure. Small an- 
gular lamella? of quartz with the same orientation over consid- 
erable portions of the section, penetrate a decomposed feldspar 
or other alteration products like epidote and viridite. Por- 
tions of the section contain uralitic hornblende, and appear 
like highly altered diabase. 

A very fine aphanitic dike six inches wide intersects an al- 
tered diorite a little farther westward on the main land. Un- 
der the microscope appears a net work of interlacing and very 
minute and acicular plagioclase crystals with jagged ends. 
These are imbedded in a micro-felsitic matrix which is render- 
ed nearly black by minute opaque grains. 

Five miles west of Thessalon is an altered dike probably an 
old diabase. It cuts across the strike of the quartzite nearly 
east and west. It is pomewhat schistose in the direction of 
its length. It has rendered the quartzite bedded in the same 
direction for at least ten feet away. This slaty structure of 
the tjuartzite is so pronounced that in weathering it breaks 
off in slabs parallel to the dike. That a great strain and move- 
ment took place subsequent to the time of injection is shown 
by the presence of a breccia, five or six feet wide bordering the 
dike. It consists of a mixture of angular fragments of the 
eruptive rock and of the quartzite, imbedded in a matrix of 
quartz and chlorite. 

Beginning a short distance west of this point, the shore and 
islands are formed of a dark massive rock, an altered diabase 
of coarse texture. A thin section shows a dull colored mass 
in which the form of the greenish plagioclase crystals can be 
distinguished. Some quartz containing apatite needles forms 
a pegmatitic structure. Most of the alteration products are 
of such an indefinite character that they cannot be made out. 
This rock extends as far as the Bruce mines and forms the 
island in the bay. 

Continuing westward up the channel toward the head of St. 
Joseph^s island, we pass several dikes. The first one of any 
particular interest being opposite the light house west of Camp- 
ement d' Ours island. It shows a peculiar pegmatitic struc- 
ture ; large crystals of twinned plagioclase are pierced by hie- 
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roglyphic-like quartz lamellse. The lamellae penetrating any 
one crystal of feldspar have the same orientation, while those 
penetrating different crystals have different orientation ; green 
chloritic hornblende dotted with magnetite, forms irregular 
masses and in some cases seems to penetrate the feldspar in a 
manner similar to that of the quartz. Apatite needles are 
thickly scattered through the quartz. 

On the islands east of the lower end of Sugar island, are a 
number of dikes extending in a northwesterly direction. They 
were probably all originally diabase. All degrees of alteration 
are visible in the sections, from those still showing a fair con- 
dition of the augite and feldspar to those in which the altera- 
tion products form an almost indeterminable mass. 

Distinct types of eruptive rocks along the north shore are 
very few. A large number of the dykes are evidently diabase ; 
many are alterations from that, or an allied type ; and some 
appear as either normal diorites or alterations from that type. 
In addition, there are some of basalt or melaphyr. 

An interesting feature about the main dikes is the general 
east and west direction. Whether this is due to the strike of 
the schists offering the least resistance in their bedding planes 
or some line of strain in accordance with which their direc- 
tions were determined, it is impossible to say. 

The large exposure of eruptive rock east of Thessalonis evi- 
idently an old overflow, judging from its uniform fine texture 
and often amygdaloidal character. The other two large areas 
of eruptive rock give no evidence of surface consolidation, ap- 
pearing simply as enormously expanded dikes. The scoria- 
ceous character of parts of the Thessalon eruptive seems to 
indicate that, either, our generally conceived notions of the 
great amount of pre-glacial and glacial erosion are exaggerated 
or what is more probable, as suggested by Dr. Lawson, palaeo- 
zoic sediments have covered portions of the Archaean rocks, 
and preserved them from erosion, and in this region, perhaps, 
till the glacial period, for it is but a short distance to the Si- 
lurian rocks which form the islands in the channel. 

One of the most difficult problems for solution, in the study 
of these ancient eruptive rocks, is the determination of their 
original constitution and the genesis of the present altered 
forms. The dikes are probably all of Archaean age. They are 
at least pre-Silurian for the limestone which, in many places, 
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can be seen resting upon the quartzite or gneisses is not at all 
disturbed. The dikes showing the greatest degree of altera- 
tion occur, both in the Huronian quartzite and siliceous schists 
and in Laurentian gneiss, while the freshest and most per- 
fect examples met were in the Laurentian gneiss. 

If we attribute the very great amount of alteration, exhibit- 
ed by the extensive body of massive diorite in the vicinity of 
Spanish Mills to crushing or deformative forces or penetrating 
water, we must separate its origin in time from the unaltered 
diabases, in the immediate vicinity, by an immense period, 
sufficient for the conversion of augite into hornblende and 
that hornblende into viridite. And these forces must have en- 
tirely ceased before the injection of the unaltered diabases. 
One can hardly believe in such a sequence of events for some 
of these eruptive, for example the mass of diorite just men- 
tioned. From microscopic examination and field relation 
there appears no clue to t^e action of those forces, which is 
evident, have usually brought about the alteration, during 
foldings of the strata, of narrow or interbedded masses of trap 
rock of no great extent. It seems to me we can attribute to 
some of these bodies of eruptive matter such conditions at 
their solidification as would favor the formation of hornblende, 
in others that of augite ; and in special cases, with certain 
other conditions of solidification in which moisture in some 
form is present in the cooling mass, the formation of primary 
hydrated minerals ; or at least give rise to a rock whose compo- 
sition and method of solidification have endowed it with an 
inherent tendency to decay. 

T. S. Hunt in speaking of chlorite, in some granites says 
it indicates the presence of water in the original liquid mag- 
ma. And could not the same conditions be conceived as ex- 
isting in other rocks solidifying from fusion. Granting that 
such a condition may exist under favorable circumstances, we 
have a more rational method of arriving at the original con- 
dition of some of these rocks, than to attempt to carry their 
history back through several changes to one fixed original type 
in which augite plays the principal part. 

Geological Labratory, University of Mich.^ March 4th 1890. 
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NEW LAMELLIBRANCHIATA. 

By E. O. Ulbich, Newport, Ky. 
No. 2y On two new genera and six new species. 

Ischyrodonta> n. gen. [Ety. ischyroSf strong, odous, tooth.] 

Short or elongated, thick bivalve shells, having small Bub- 
terminal beaks, with the hinge straight or slightly arcuate and 
extended posteriorly. Hinge plate wide and strong, without 
posterior lateral teeth, but with a strong cardinal tooth in the 
left valve and two nearly as strong in the right. Just in front 
of them a pair of subcircular large and deep anterior muscular 
impressions, and between these and the teeth another very 
small pair. Posterior scar large but faintly marked, ovate, 
situated in the postero-cardinal region. Pallial line simple. 
Lijrament probably internal. 

In casts of the interior the beaks are prominent and com- 
pressed, and a well defined sulcus, representing a ridge-like 
internal thickness of the shell, extends from the umbones 
more than half the distance to the basal margin. Type, Ischy- 
rodonta truncata, n. sp. 

The internal casts of the two species of shells for which the 
above generic name is proposed, remind one of both Cypricar- 
dites Conrad,and Modiolopsis Hall,the position of the new genera 
being, perhaps, very nearly intermediate between these two 
genera. From CypricarditeSy which they resemble the most in 
the general form, thick shell, and wide hinge plate, they diflfer 
in having no posterior lateral teeth. The cardinal teeth are 
also less numerous, stronger, and differently arranged. From 
Modiolopsis, of which they likewise resemble certain species in 
their general aspect, they differ in having a thicker shell, wider 
hinge plate, and much stronger cardinal teeth. In true ^fodi' 
olopsifi there is only a mere thickening or slight fold of the 
hinge plates beneath the beaks, yet I do not think that the 
plan of hingement is fundamentally different from that of 
hchyrodontay in which I believe it has simply found more full 
expression. The small accessory scars situated just above tlie 
anterior adductors, are not, as far as I am aware, ever present 
in either Modiolopsis or Cypricardites, 
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Fig. 11. Itehyrodonla Iruncaln, n. Bp., Cincinnati gronp, Oxford, 
Ohio, a, outline view of a left valve of tliis ppeciCB, aligbtly restored. 
b, internal view of same, showing only the hinge plate, carcfinaJ teeth, 
&nd anterior muacutar impression, the cBvitj being filled with adhering 
matrix, c, d and e, three views of a verv nearly perfect cast of the in- 
terior. Between the beaks of the central ligure ie shown n thin film of 
atone that had originally filled a narrow interstice between the hinge 
plate ami cardinal teeth. 

Shell of medium size, moderately convex, subquadrate to 
bro&d-oval, widest posteriorly. Cardinal margin straight or 
faintly arcuate, nearly us long aa the shell. Anterior end very 
short, rounding uniformly inio the convex basal margin. 
From here the edge makes a sharp turn (in the post-basal 
region) into tlie somewhat truncate but convex posterior mar- 
gin, meeting the posterior extremity. Surface of the thick 
shell smooth between a limited number of impressed lines of 
growth. 

Hinge plate thick and wide, flat; the cardinal teeth strong. 
Anterior muscular impression deep, its outline somewhat top- 
shaped, pointed below where the well marked patlial line runs 
into it. Posterior scar very faint, large, subcircular, situated 
near the postero-cardinal angle. In casta of the interior the 
beaks are prominent, compressed, while a well marked furrow 
extending from the beaks nearly to thecenter of the base, gives 
rise to an obtuse umbonal ridge of which no sign is apparent 
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on the exterior of the shell. Another but less deep and shorter 
furrow occurs in the space between this and the anterior raus- 
calar scar. 

An average specimen of the typical form has the following 
dimensions: Greatest length, 35 mm.; greatest hight, (from 
posterior extremity of hinge line to posterior portion of base) 
30 mm.; from postero-cardinal angle to antero-baeal region 
31.5 mm. ; from beaks to postero-baaal region 35 mm. ; great- 
est convexity of a cast of the interior of a specimen of the 
same size, 16 mm. 

This species ought not to be confounded with any other 
known to me from the Cincinnati rocks. I have seen speci- 
mens of it labelled Cyjiricadites haiiicsi S. A. Miller, a shell 
occupying the same horizon, but there is little reason for con- 
fusing the two since Miller's species has posterior cardinal 
teeth, is less convex, and not so high posteriorly. 

Position and locality; near tht? top of the Cincinnati group at Oxford, 
0., and Richmond, lad. 



lachyrodonta elongata, n. sp. 




Of this species only casts of the interior have been seen. 
These may be described briefly as follows : Shell rather large 
transversely elongate-ovate, widest posteriorly, strongly con- 
vex, with point of greatest convexity a little in front of the 
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middle. Beaks prominent, compressed, almost terminal. 
Cardinal margin convex; posterior margin rather strongly 
convex, and generally somewhat straightened in the lower 
half; basal margin straight or faintly sinuate; anterior end 
abruptly rounded, very short. Anterior muscular scar deep, 
subquadrate, situated beneath the beaks. Just above it the 
small accessorv scar. 

The much greater length of this shell distinguishes it from 
J. truvcataj with which it is associated. The outline is much 
like that of Modiolopsis modiolaris Conr., but the casts of that 
species are not so convex and the beaks less prominent. 

Associated with this species and /. truncata I found several 
examples of a form apparently intermediate in character be- 
tween the two. They are, unfortunately, not in very good 
condition, but as fiir as they admit of comparison it would ap- 
pear that tJiey represent nothing more than a slightly elongate 
variety of /. truncata. 

Position and locality : near the top of the Cincinnati group, at Ox- 
ford, 0., and Richmond, Ind. 

Whitella, n. gen. (Ety., proper name.) 

Shell large, thin, obliquely quadrangular or suboval 
equivalve, inequilateral, more or less ventricose, closed 
all around. Beaks prominent, incurved. Cardinal margin 
straight or slightly convex, the edges inflected to form 
a sharply defined escutcheon extending beyond the beaks 
nearly to the anterior extremity of the shell ; area finely stria- 
ted longitudinally. Hinge line straight, from one-half to two 
thirds the length of the shell, with four or five oblique teeth in 
front of the beaks. Posterior portion of hinge apparently 
edentulous. Ligament probably both external and internal,the 
latter only along tlie posterior third of the hinge line. Two 
simple adductor impressions, the posterior one very faint, 
pallial line simple, entire. Surface of shell with fine concentric 
lines and sometimes with stronger concentric undulations. 
Type, W. obliquata,n. sp. 

The shells for whose reception tliis genus is proposed have 
been variously referred by authors to Dolnhra McCoy, (by 
Meek and Wurthen,) Ci/prirnrdltes Conrad, ( by Hall and 
Whitfield,) or Cyrtodnntn Billings. If McCoy's description of 
his genus is reliable then WhitcUn is clearly distinct, since he 
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claims that Dolabra is founded upon inequi valve shells, hav- 
ing an edentulous hinge. 

From C2/pncard77^«( provisionally including Cyrtodonta) the 
new genus is totally different. All true species of that genus 
have thicker shells, a wide and strong hinge plate , and from 
two to four strong posterior lateral teeth. They have also no 
wide escutcheon as in Whitella, though a narrow striated liga- 
mental area exists in some of the species. 

The species which I would refer to this genus, besides those 
here described as new, are Dolabra (Cypricarditea,) sterlingenMs 
M. and W. ( Cypricarditea quadrangularis Whitfield, and ( Cyr- 
todonta hindi Billings. At least four other undescribed species 
are known to me, two in the Trenton and Galena of Minnesota, 
one in the Trenton of Kentucky, and one in the upper beds of 
the Cincinnati group, at Waynesville, Ohio. 



Whitella obliqaata, n. sp. 

ft. 
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Fig. 13. Whitella obliquata n. pp. Cincinnati group, Blanchester, 
Middletown and Waynesville, Ohio, and Spring Valley, Minn., a left 
side of a cast of the interior, preserving a small fragment of the shell 
at '* a" ; the Hpecimen is a small one but of the normal form, 6, and 
c. anterior and cardinal views of another, nearly perfect, oast of the 
interior, d, left side of another casr, the higiit of which has been a lit- 
tle reduced by compression, e, partial view of the interior of a valve from 
Minnesota, preserving the hinge teeth and faint muscular impressions. 

Shell large, oblique, subrhomboidal in outline, produced in 
the postero basal region, ventricose, with point of greatest con- 
vexity above the middle ; beaks rather small, prominent, slight- 
ly incurved, situated one fourth of the length of the hinge line 
from its interior extremity, umbonal ridge well marked, the 
cardinal slope concave. Anterior end small, narrowly rounded 
above, merging gradually into the evenly and only moderately 
convex ventral margin. Posterior end sharply curved and 
produced below, gently convex and sloping forward in the ujp- 
per half to meet the slightly convex, cardinal margin. Escut- 
cheon well marked, wide, shallowest in front of the beaks. 
Anterior muscular scar elongate. Hinge thin, the posterior 
half simple, the anterior half, of the left valve, with two long 
slightly oblique teeth just beneath the beak, and two shorter 
parallel ones at the anterior extremity. 

The dimensions of cast of the interior, of the average size, 
areas follows: greatest length 50 mm.; greatest hight 38 
mm. ; greatest convexity 24 mm. A large specimen is 59 mm 
long, and 42 mm. high. 

This species is related to W. Mcrlingensis (Dolahra sterling- 
cnsh^ M. mul W.) but has a longer hinge line, is less convex, 
wider posteriorly, and more oblique, the angle included be- 
tween the hinge line and the umbonal ridge being much nar- 
rower. \V,himil (CyrttKhjnta hiiuU BWUngs) is much more 
acutely produced posteriorly,being besides on the whole a more 
elongate shell, with the umbones also more tumid. 

Position and locality : Upper beds of the Cin( innati group, at several 
localities in Ohio and Indiana. One sp*»ci!ren from an equivalent 
horizon at Spring Vhlley, Minn Though not a rare species, good 
specimens are not by any means common. 

Whitella umbonata, n. sp. 

A detailed description of this species is scarcely necessary, 
since the main point in identifying it is to distinguish it from 
W, ohUqvata. On comparison it will be found that the beaks 
and umbones are much larger than in that species, the pos- 
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tero-dorsal slope shorter and more abrupt, the hight compar- 
atively greater and the outline in general somewhat different, 
particularly in the ventral region where the margin i& more 
convex than in 1>'. ubliquuta. W. qundmntiularia (Cypricar- 
dites quadrangularia Whitfield) is much shorter and more 
erect. 

In a large Bpecimen the hight and length are respectively 47 
mm. and 60 mm ; in a small specimen 3S mm. and 45 mm. 
greatest convexity of the latter 25 mm. 

Poaition and locHlity. Upper beils of tbe Cincinnati t,Toiip at Blan- 
Chester, Middlctown and other locations in Ohio and Indiana. 




Fig. 14. WhittUaumhonata.a. ep., upper beds of tiie CinomMati 
group, a. View of the rJBlit eide ot a large example, liiken from a 
gntta-percha cant of a natural mould of the exterior, h, c, andd, three 
views of a well preserved but small cast ot tbe interior, collected at 
UidtUetown, Ohio. 



The American Qeologist. 
Whitella comptessa, ii. Hp 




Fig. 15. Wkitell'i compr-et'H n. r[i., Treiitnn slialee, MinnenpoliB, 
Minn. (I. ri>:>it fii<lH of a c.mtof tliu interior ; outline slightly reBtored. 6, 
cardinal vie«- ot same, Hliowing the iiHi>reaHi<m of tlie interna! ligament 
at "a" ; c. anterior end vifw of same ; a, outline view to wbow elevation 
uf l>e.iks aliove tlie hinge line. Tlie flKuren are drawn t' a scale a little 
leas than natural size, r, view of tlie hiiige of a specimen from the 
same bedti at Cannon Fnll!<, Minn, now rotcunled as belonjfint; to Ml- 
oth^r Bpeeies for which the name Whiielh troUMi is proposed.' 

This specios resembles H'. ohltijuala, from the upper beds of 
the Cincinnati group, rather closely, but differs in the follow- 
ing respects. It is much leas ventricose, the umbonal ridge 
less marked, and the hinge line more extended anieriorlj'i 
causing the anterior end to be angular above or at any rate more 
sharply rounded than is the case in IK ohliquola. None of 
the other Ppeciea are very closely allied. 

The best 5i)ecimen seen I owe to the liberality of Prof. C. W. 
Hall of the Miiuesota IState University, who found it at Min- 
neapolis, in the Trenton shales exposed in the railroad cut 
near the University. Its greatest length, measuring from the 
anterior extremity of the hinge line to the postero-basal angle, 
is oo mm. ; from beaks to same point, 51.5 mm. ; from the pos- 
terior extremity of hinge line, at right angles with it, to basal 
margin, 41 mm. ; greatest convexity 1J).5 mm. 

Fig. 15', is taken from an example collected at Cannon 

'Since these dpHcriptions and remarks were written I have received 
alotof liividve shflls fnmi Sir. W. H. Scofleld of Cannon Fall", among 
them several spei'imenfl of H^. tciiHeUii. showing it lobe a good specie!. 
I hope til ofTer addirionnl illuHtnitJonH in ihe next number. 
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Falls, Minn., which preserves the shell. This I now regard as 
belonging to a distinct species with a more distinct iimbonal 
ridge, greater tumidity and less projecting beaks, thus in al- 
most every respect agreeing more nearly with IF. ohlujtiata. 
Still it must be regarded as specifically distinct from that 
species since there is a well marked difference in the dentition 
of the hinge, the teeth in front of the beaks being shorter and 
less nearly horizontal. Additional differences are brought out 
by a comparison with the Ohio specimens of that specie's, such 
as greater convexity, more pronounced umbonal ridge, slight- 
ly less projecting and more closely approximated beaks. 
The escutcheon also is narrower, with its sides more nearly 
vertical, while the internal ligament support at the posterior 
extremity of the hinge is stronger. The form of the shell is 
besides somewhat different, being comparatively higher and 
more erect. 

The basal margin and lower portion of the posterior end are 
unfortunately broken away on the Cannon Falls specimen, 
but so far as the evidence at hand permits of judgment it 
would appear that the postero-ventral angle is more abrupt 
than in W, obliquata. 

Taking all these points into consideration I feel justified in 
regarding it as sufficiently distinct to deserve recognition. I 
propose therefore to call it JVhitella scofiddi in honor of Mr. 
W. H. Scofield of Cannon Falls, Minn., to whom I am indebted 
for many favors. * 



EDITORIAL COMMENT. 



The Prk-Natal History of the Geological Society op America. 

The movement for the Geological Society was inaugurated 
at Cincinnati, Ohio, in 1881. The following are the official 
records : 

The geologists of the American Association for the Advancement of 
Science, at the Cincinnati meeting, at a I'leeting held in the room of 
Section B, 5 p. m. Aug. 18, 1881, having resolved to organize an asso- 
ciation of the geologists of America, appointed a committee to draft a 
constitution and organization of such society. Thi8 committee con- 
sisted of the following members : 

George C. Swallow, Columbia, Mo. 
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N. H. Winchell, Minneapolis, Minn. 

S. A. Miller, Cincinnati, Ohio. 

Wm. J. Davis, Louisville* Ky. 

Jolin Collett, Indianapolis, Ind. 

H. S. Williams, Ithaca, N. Y. 

This committee met attlie close of the meeting (of Section B.) with 
Prof. Winchell as cliairman, and appointed II. S. Williams, Secretary, 
and after some consultation it was agreed that S. A. Miller be re- 
queste<l to draft a constitution for the consideration of the committee 
at its next meeting. 

Adjourned. 

The secon<l meeting was held at 9 a. m. Friday, Aug. 19th. Present: 
Wiuchell, Miller, Davis, Williams and Swallow. Miller presented the 
following preamble and constitution : 

AViiEKEAs, The geologists of America are without any central organi- 
zation ; there is no place for them to assemble for the discussion of 
diflicult questions, an<l no publication which they can call their own; 
now, therefore, in (>rder to bring them together in an association for 
the mutual benefit arising from such discussion and to found a publi- 
cation devoted exclusively to their services, we do establish this 
society under the following constitution : 

PROPOSED CONSTITUTION. 

Art. 1. This society shall be known as the American Geological 
Society. 

Art. 2. Any mo desiring to cultivate a knowledge of geology or 
paleontology is eligible for membership. Members shall be elected 
by ballot at a regular mfcting, except that during the interim mem- . 
bers may be ehcled by the votes of the President, Treasurer and Sec- 
retary, in which case the Secretary shall record the ballot. The 
initiation fee shall be $10, and the annual dues shall be fixed by the 
by-laws ; but any member contributing at any one time to the society 
the sum of $100 shall become a life member, free from the payment of 
annual dues or other assessment. 

Art. 3. The oflicers shall be a President, two Vice Presidents, a 
Treasurer, a Seciefary, and such other officers as may be required by 
the by-laws of the Societr. They shall hold their offices for one year 
and until their successors are duly elected. 

This constitution was discussed, amended, and was to be 
sent to other geologists for suggestions and improvements, 
but it was finally decided to be best to defer more definite 
action to the next meeting of the A. A. A. S., while a commit- 
tee were to prepare a circular asking for the opinions of geolo- 
gists generally, and reporting at Montreal. The Secretary, 
Prof. H. S. Williams, prepared a rough draft descriptive of the 
meeting and the contemplated action desired, which read as 
follows : 
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CIBCULAK LBTTBB TO THE OEOLOOIBTB OV AMERICA. 

At the Cincinnati meeting of the A. A. A. S. (August 1881) the 
geologists there present met together to consider the propriety of form- 
ing a separate organization promoting their mutual interests in direct- 
tions not fully met by the A.A.A.S. 

The demand for more uniform and united work by geologists through- 
out the country and for means of cooperation and intercommunication 
among such workers appeared to those present to offer good reason for 
the organization of an American Society of Geologists. This want is 
felt most by those engaged in the technical identification and descrip- 
tion of fossils, and in the determination of the true values and relative 
position in the geological series of the rock masses appearing in the 
different parts of the country. For the purpose of mutual aid and co- 
operation in the furtherance of these ends, it was resolved by formal 
Yote, as the sense of those present, that a distinct society of American 
geologists should be organized. 

A committee was appointed to draft a constitution, but upon further 
consideration it was regarded as of great importance that all the geolo- 
gists of the country (as far as possible) be consulted, and that perma- 
nent organization be deferred for more full and mature deliberation than 
could be taken during the present session of the Association. It was 
therefore proposed that a circular letter be prepared by the committee, 
conveying the sense of the geologists assembled, and that this be sent 
to all the geologists of America for their consideration and the time 
and place of the next meeting of the A.A.A.S. be designated for the 
final consideration and organization of such a society. The following 
are some wants which it is hoped may be attained by such an organi- 
zation, and which are not provided for by any already existing society. 

The want of greater uniformity in the methods of making and record- 
ing observations and in the usage of nomenclature ; and a better under- 
standing of each other's work over the vast territory of America. 

The want of a common organ for the publication and discussion of 
geological matters, especially those relating to stratigraphy and paleon- 
tology. 

The want of a central library in which shall be collected for reference 
and use a complete set of the publications needed by every working 
geologist, but many of which are at present out of print, very rare and 
almost impossible to be obtained or even consulted. 

The desirability of the occasional meeting of American geologists for 
the purpose of coordinating and reducing to scientific system the great 
and rapidly accumulating mass of facts gathered by individuals or by 
state surveys in more or less restricted regions. The want of better 
facilities than at present exist of intercommunication among the 
nnmerous geologists in the country for their mutual aid and coopera- 
tion. 

The geologists assembled at the meeting are of the opinion that those 
wants may be best supplied by the formation of a distinct society of 
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American geologists, with a permanent organization, a central and 
permanent abiding place, and an organ for the publication of the work 
of its members. These views are respectfully submitted to our fellow 
geologists of America with the request that they give them careful 
consideration, and that all inten^sted in the accomplishment of the 
purposes liore set forth may be present at the next meeting of the 
A. A.A.S. at Montreal, and prepared to take action in the matter — the 
organization of such a society as will meet the necessities and be 
worthy the grandeur of the work given to American geologists to ac- 
complish. 

The circular letter finally prepared by N. H. Winchell and 
adopted by the committee reads as follows : 

CIKCULAK LETTER. 

To iht Geologists of America : 

At a meeting of the geologists in attendance at the Cincinnati session 
(1881) of the American Association for the Advancement of Science, 
the undersigned were appointed a committee to correspond with Amer- 
ican geologists, respecting the formation of a American Geological 
tSocietyf the result of such correspondence to be reported at the next 
meeting of the American Association for the Advancement of Sci- 
ence. 

Pursuant to such instructions, it is deemed best to present sundry 
considerations, some of them brought forward at Cincinnati, which 
seem to render it desirable that such a society be organized in America, 
and which have been approved, and hereby are presented jointh' by 
the conmiittoe. 

The committee are desirous of eliciting opinions from all active and 
professional geologists, to the end that more judicious and effective 
action may be taken at the next meeting. 

1. The science of geology, with its kindred branches of palaeonto- 
logy and lithology, has made rapid progress in America — perhaps 
more rapid than in any other country — in the last twenty years. 

2. The literature of geology is largely distributed through numerous 
scientific journals, and in the proceedings of miscellaneous scientific 
societies, to procure wliich is dilUcult and expensive. 

3. The present facilities afforded through the American Association 
for the Advancement of Science are insufficient, and are unavailable by 
the working geologists of the country — Ijecause: (a.) The meetings 
are held in the summer, which is the geologist's working season. In 
order to be present he must interrupt his work and leave the field, 
often at considerable expense especially if he has a party with him. 
(b.) Its brief meetings partake largely of the nature of vacation 
pleasure-parties, and much of the time is engrossed by reception, 
gratulation and excursions, (c.) There is no sufficient avenue of 
publication of the work of geologists and especially of palaeontologists, 
(d.) The association has become so large, wide-spread and popular in 
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its work, membership and organization that its spirit necessarily, and 
properly, is not favorable to the development of any special work 
through its own agency. 

4. The geologists as a body, have no way of expressing their views 
on important state, national or international measures, except through 
the medium of the American Association, at the meetings of which 
there is a perceptible and increasing lack of attendance and interest 
on the part of geologists, in con8e<iuence of which the actual views of 
the geologists of the country on such questions can not be obtained 
and expressed correctly. 

6. There is a need of co-ordination of the results of state surveys, 
to the establishment of greater uniformity in nomenclature and 
classification. 

6. There is a need of co-operation on the part of palff?ontologist8, 
and of some system in describing and publishing new species. 

7. There is no strictly geological magazine or journal in America. 

8. There is no strictly geological society in America. 

9. There are numerous such societies and journals in Europe, as 
well as journals and societies devoted exclusively to the branches of 
palaeontology and mineralogy. 

The committee desires also to disclaim any intention to trespass on 
the field and plans of the American Association for the Advancement 
of S(?ience, or to criticise it in any way as to the discharge of its func- 
tions. Its tendency is to popularize science and to advance its accep- 
tance by tlie world by diffusing scientific knowledge, and by 
announcing important discoveries, and as such its sphere of activity is 
one that no special scientific body can occupy, but which still will be 
aided by the existence of trilmtary organizations, such as that contem- 
plated by this circular. 

Persons to whom this circular is addressed are requested to 
communicate promptly their view^s and recommendations to any 
member of the committee, in order that a report may be presented at 
the Montreal meeting of the American Association, embodying such 
recommendations as may be warranted by the correspondence, and 
summarizing the same. 
Signed : N. H. AVINCHELL, State Geologist of Minnesota, 

Minneapolis, Minn, 
JOHN R. PROCTER, State Geologist of Kentucky, 

Frankfort, Ky, 
HENRY S. WILLIAMS, Professor of Pal«M)ntology, 

Cornell Vnirersiiyj Ithaca, N. Y, 
JOHN COLLETT, State Geologist of Indiana, 

Indianapolit, Indiana. 
G. C. SWALLOW, Professor of Geology, etc., 

University of Missouri, Columbia, Mo. 
AVM. J. DAVIS, Palajontologist, 

Assistant Geol. Sur, of Ky., Louisville, Ky, 

S. A. MILLER, Paheontologist, 

Cincinnati, Ohio. 
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Prof. H. *S. Williams presented notes and suggestions at 
Montreal, in 1882, derived from the replies made to the circu- 
lar sent out by the committee. Most of these are quoted be- 
low. Those omitted are of persons who did not finally become 
fellows of the existing 6.S. A. 

S. A, Miller J Cincinnati : ApproveB '4f such a society can be formed 
without unwarranted contention/' 

R. Ellsworth Call^ Des Moines, la. : ''The project meets my hearty 
approval." Urges that it should include only "working geologists.'' 
**The project is well devised." Very cordial in approval. A strictly 
geological journal could be successfully sustained. 

Jas. Macfarlane, Tonawanda, Pa.: ''Most heartily concurs with 
every word" of the circular, and "sincerely hopes" the society may 
be formed. 

Warren UphaiUf Minneapolis: Receives his hearty approval. 
"Such a society can be abundantly supported" and "made an efficient 
working organization" and "will contribute to a more rapid and more 
sure extension of our knowledge in geology." 

Franklin and W. O. Piatt, Philadelphia : Entirely agree with the 
Committee, and will cooperate in carrying out the scheme and the 
establishment of a geological magazine in any way that may be chosen. 

W, P, Blake, New Haven, Ct. : Pledges his hearty cooperation in 
any well considered plan. 

C. A. Ashhurner, Philadelphia: After much consideration comes to 
the following conclusions: 1. The movement should be general 
and issue with the approval of representative geologists. 2. There 
should be numerous sub-societies whose membership shall cover special 
areas with close fellowship and correspondence. 3. Very great need 
of a geological magazine. 4. There should be a league or congress to 
meet in different parts of the states every four or ^ve years, the mem- 
bers being only members of local societies authorized by the congress . 
The journal shall be published by a committee nominated by the 
several societies and elected by the league. Every society should 
publish its own transactions, and the league a brief of its proceedings. 

/. D, Dana, (in a letter to Ashburner, dated August 25, 1887) : 
"There is no doubt that a geological journal would be a good thing for 
the science if it would be used by authors. The country is so large 
that every little corner has its publishing society, and so science is as 
wide spread in its original publications. There is good in this but 
great inconvenience — and evil also." 

R. T, Cross, Denver, Col. : "There certainly ought to be an Ameri- 
can Geological Society." 

P. A» Chadhourne, Amherst, Mass. : "The reasons given in the cir- 
cular letter for forming an American Geological Society are weighty, 
and I shall be glad to cooperate in forming such a society." 
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O, K, Warren, Newport, R. I. : "I heartly endorse the movement." 

/. E, Todd, Beloiti Wis. : ''I say to you, as a member of that com- 
mittee. Amen,** 

A, Winchell, Ann Arbor, Mich. : ''Circular letter was received with 
great satisfaction. The considerations presented seem to me pertinent 
and weighty. I promise it my full sympathy and support ; and hope a 
large proportion of the representative geologists of America will return 
a hearty response to the project." 

E. W. Claypole, New Bloomfield, Pa. : **I should be very glad to see 
such a society established in this country, and to do all I can to aid it. 
Nor do I think it impossible, though difficult to maintain such a 
society in an active and efficient condition." Endorses all the points 
in detail, and then considers whether such a society, if established, is 
likely to last and be successful. This depends mostly on the founda- 
tion and methods adopted. He does not think fortnightly nor monthly 
meetings could be sustained. England is so small that the geologists 
can attend such meetings. In the United States the distances are too 
great for members to meet often. If the meetings are to be held in 
connection with the A.A.A.S. there would be unpleasant rivalry. He 
concludes there should be no meetings but the reliance shall be on pub- 
lications alone as the bond of union. 

Robert BelU Ottawa, Canada : Expresses hearty approval of the 
proposed Geological Society. Its desirability is so well set forth in the 
circular that it would be difficult to say more in favor of the plan. "I 
endorse every one of the reasons therein stated" etc., and "trust that 
my name will be put down as one of the original members" at the 
approaching meeting in Montreal. 

TFm. M. -Dam,Cambridge, Mass. : "I shall be very glad to aid the 
promotion of an American Geological Society in every way in my 
power— especially if it should undertake the publication of an authori- 
tative journal in which besides original articles one could find abstracts 
of or references to everything of importance published in this country 
or in Europe connected with the subject. I think such a society, with 
its meetings and branch meetings (if necessary) and publications, 
would at once take good rank among the scientific societies in the 
country, and would have efficient support from geologists and paleon- 
tologists," 

P. W. Schaeffer, Pottsville, Pa. : Heartly approves the suggestions 
of the circular, but queries whether there should not be head-quarters 
somewhere — perhaps in New York, with office, library and museum, 
with meetings sometimes there and sometimes at other points. 

M. C, Read, Hudson, 0. : "The formation of such a society would 
be of great advantage to American geology, especially if it leads to the 
establishment of a well-edited geological journal, as it would do much 
to secure a reliable and common nomenclature by American geologists." 
S. E, Tillman f West Point, N. Y. : " Such a society, it seems to me, 
is very desirable and almost necessary ; and I shall be most happy to 
aid in its establishment in every way in my power." 
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Chaa, E. BUliriylW.: *' The geological society should stand on its 
own feet, and not start as a section of any other society. You can 
count on me as a supporter.*' 

0. E, Ulrich, Cincinnati, 0.: "I heartily endorse the committee's 
circular.'* 

W. H, Pettee, Ann Arbor, Mich. : ** In the circular letter the reasons 
why it is desirable to form a new society, in addition to those already 
existing, are stated quite cogently ; and I am now more strongly in- 
clined than I have hitherto been, to favor the project." 

C. IL Ilitchcock, Hanover, N. H. : "The proposal strikes me favor- 
ably. It is not necessary to be divorced from the parent association, 
any more than for the chemical and entomological societies, which 
frequently hold sessions in connection with those of the A. A. A. S. 
It would not be desirable to conflict with that. It might be practicable 
to meet sometimes with the mining engineers. If the membership 
shall include all geologists, it would be practicable to combine their 
energies to secure certain objects not now attainable. We could organ- 
ize committees to propose a scheme for classification of rocks or uni- 
form colors, unless we accept the results of the International Congress. 
We could catalogue the fo^ils, make a U. S. map, etc* Better than 
all, we could establish a magazine in which every one could be free to 
expresH his opinions. We shall have to organize on a free, democratic 
basis There should be no cliques to unite. The free voice of the 
majority should decide every disputed point. Votes upon debated 
points should be obtained by correspondence. If enough geologists 
would cooperate to make the society a success, I should be in favor of 
trying." 

G. H, Stone y Colorado Springs, Col.: ** I am in favor of such a 
society, provided it can be made to remedy the defects of the A. A. A. 
S. To tliis end it would be necessary to secure the very general coop- 
eration of geologists and also large endowments so as to publish the 
parers presented. If geologists have to furnisli their own plates (as in 
A. A. A. S.) no gain will be secured. If an efficient plan is adopted I 
shall be glad to aid it in any way in my power." 

Edward Ortorif Cleveland, 0. : *' I am cordially in favor of an asso- 
ciation of American geologists under proper auspices. The new organ- 
ization need not con^e into collision or rivalry' with the A. A. A. S." 

John ('ollettf Indianapolis, Ind. : " The desire for such a society is 
unanimous and emphatic." 

W. J. Davis f President of the Ohio Falls Geological Society, Ky., 
regrets being unable to attend the Montreal meeting, and authorizes 
N. H. Winchell to act as his proxy. The Geological Society of thirteen 
members approves of the formation of this national or rather American 
Geological Society, so as to include the Canadian brethren. 

Principal J. W» Dawson^ McGill College, Montreal, P. Q., in ac- 
knowledging the receipt of circular, says: ** In this matter we have 
been beforehand with you in Canada. Our new Royal Society has a 
geological section which will serve all the purpose to us of a Geological 
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Society." '* We shall probably, therefore, constitute a distinct body 
from that which you may form in the U. S., but shall be very glad to 
keep up friendly intercourse and cooperation." 

Report of the Proceedings at Montreal, 1882 (official). At the Montreal 
meeting of the A. A. A. S., August. 1882, a number of American geolo- 
gists convened to consider the question of organizing an American 
Geological Society; Prof. A. Winchell was chosen chairman andC. H. 
Hitchcock secretary. Several sessions were held, whose proceedings 
may be summed up in the following statements : 

Prof. N. H. Winchell, chairman of the committee appointed in Cin- 
cinnati in 1881, to correspond with geologists upon the expediency of 
forming such a society, reported that ninety answers had been received 
in response to his circulars, all but two of which spoke favorably of the 
project. Prof. H. S. Williams, Secy., reported answers from thirty 
persons ; and S. A. Miller reported answers from six persons, all 
favorable : making a total of one hundred and twenty-six opinions in 
favor of, and only two dissenting from the formation of the proponed 
society. 

A committee consisting of Je<l Hotchkiss, R. P. Whitfield, and C* 
H. Hitchcrjck was appointed to consider the situation, and report the 
most suitable action to be followed. This committee recommended 
as the first step to be taken, the establishment of a geological maga- 
zine. This report was accepted and adopted. The Cincinnati com- 
mittee reported a constitution for the formation of u geological associ- 
ation, which was discussed and laid upon the tablo ; and the commit- 
tee deifired to continue their labors and report at Minneapolis in 1883. 

Last of all, a committee consisting of C. II. Hitchcock, J. S. New- 
bury, N. H. Winchell, H. S. Williams and G. H. Cook was designated 
to confer with Major J. W. Powell of Washington, with the view of as- 
certaining what encouragement could be afforded by him in the sup- 
port of the i)roposed geological magazine. 

On motion of James Hall it was voted to recommend to Section E 
(A. A. A. S), the appointment of a committee to confer with the director 
of the U. S. geological survey in regard to coo])eration between the 
national and state surveys. 

The persons present at these several meetings were Profs. A. Win- 
chell, N. H. Winchell, E. T. Cox, H. S. Williams, W. H. Niles, E 
Orton, E. T. Nelson, Jed Hotchkiss, R. P. Whitfield, A. H. Worthen 
I.C.White, E. W. Claypole, G. H. Cook, J. W. Spencer, J. S. New- 
berry, James Hall, T. Sterry Hunt, H. F. Walling, E. D. Cope and C. 

11. Hitchcock. 

C. H. Hitchcock, Secy. 

The committee mentioned above conferred with major Powell in re- 
gard to the magazine. He expressed a desire for the success of the 
magazine, and a readiness to contribute to its welfare when estab- 
lished; but thought it would be prejudicial to its interests if he 
vere identified with its inception. 

C. H. HiTcncocK, Secy. 
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PROPOSED CONSTITUTION. 

This society shall be called ''The American Geological Society/' Its 
object shall be the extension of the science of geology in America by 
the following means : 

(a) The publication of a geological magazine or joomal. 

(6) The publication of memoirs on any branch of the science in such 
manner as hereinafter provided. 

(e) The maintenance of an organization for the discussion of gen- 
eral questions of importance in cartography, nomenclature and stra- 
tigraphy. 

(d) The assembling of the geologists of the country for mutual in- 
formation and comparison of their respective work. 

Any person may become a member of this society by subscribing to 
the constitution and paying the initiation fee of five dollars, and may 
maintain such membership by the annual payment of the sum of three 
dollars. Any member in arrears two years shall be stricken from the 
roll providing he shall have been twice notified by the secretary of the 
society after an interval of six months. 

Executive Council. There shall be elected by printed ballot f^om 
the members of the society after open nomination an Executive Council 
numbering twenty-five, whose duties shall be such as hereinafter pro- 
vided. Those members only shall be eligible to the Council who shall 
have prosecuted within the last preceeding five years, some original 
work in geolog>' or shall have published such original papers as shall 
show that they are actively engaged in the science. 

Duties of the CounciL The executive council shall have charge of all 
the work and property of the society. The executive council shall be 
elected in the first instiince by tliose geologists present at the first meet- 
ing after the adoption of this constitution, and annually thereafter 
three new members shall be elected at large by the society. The coun- 
cil first elected shall be divided into five sections in alphabetical order 
for the purpose of determining the tenure of oftice of each member. 
These sections sh 1 determine by lot which shall hold office for one, 
two and three years respectively, and at each annual election those 
newly elected shall fill the places of those whose terms shall annually 
expire. 

The executive council shall determine the number and material of 
all publications, and shall have the responsible control of all its work 
and property, except so far as otherwise determined by this constitution. 
They shall take measures to extend the membership of the society, to 
establish and maintain a geological magazine when in their judgment 
such journal would be successfully maintained ; to publish the works 
of paleontologists and others, in memoirs or in serials ; to call meetings 
of the general society at such times and places as they shall determine 
and shall arrange for the programs of proceedings at such meetings, 
and do such other things as shall be in their judgment necessary for 
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the prosperity of the society and the promotion of geology in Amer- 
ica. 

Officers, The officers of the society shall be a president, who shall 
he elected annually by the society at large, and shall be the president 
of the executive council and a member thereof by virtue of this office ; 
a secretary, who shall be elected by the council, who shall perform 
such duties as the council shall prescribe, and receive such compen- 
sation as the council shall determine ; and a treasurer. 

Minutes of the Minneapolis meeting, (Official.) At the Minneapolis 
meeting of the A. A. A. S., the adjourned session of the geologists as- 
sembled to consult about the geological society and magazine was held 
Aug. 21, 1883. The records of the Montreal meeting were read and ap- 
proved. Prof. N. H. Winchell was elected chairman. 

A letter was read from the Mineralogical and Greological Section of 
the Philadelphia Academy of Natural Sciences, addressed to the 
President of Section E favoring the formation of an American Society 
of Geologists ''provided that such action shall be generally concurred 
in by American geoIogists,and that its permanency and a liberal publi- 
cation of professional papers be insured by an ample endowment 
fund.'* [Signed] Chas. A. Ashburner, Secretary. 

After much and varied discussion it was Resolved that a committee 
l>e appointed to confer with the Mineralogical and Geological Section 
of the Philadelphia Academy of Natural Sciences with reference to 
the formation of an American Society and the establishment of a 
geological magazine. 

The president and secretary of section E at the Philadelphia meeting 
A.A.A. S. were designated as a part of this committee, the others 
being selected by Prof. N. H. Winchell, the chairman of this meeting. 
As finally constituted, this committee consisted of Profs. N. H. Win- 
chell, E. A. Smith, C. A. White, C. H. Hitchcock, H. S. Williams. 

The geologists present at the Minneapolis conference were N. H. 
Winchell, J. S. Newberry, T. S. Hunt, E. Orton, J. W. Spencer, E. 
T. Cox, J. W. Powell, W. Upham, J. P. Lesley, E. W. Claypole and 
C. H. Hitchcock. C. H. Hitchcock, Secretary. 

The friends of the new movement became very much dis- 
couraged by the expression of unfavorable views at Minne- 
apolis; and the report of these opinions seemed to have 
reached the members of the Philadelphia Academy, since they 
made no effort to consult with the members of the committee 
at the Philadelphia meeting of the A. A. A. S. in 1884. Four 
years later various causes led some of these opponents to 
change their minds, and the chairman and secretary of the 
moribund organization saw that nothing would be done by 
other parties, and so in virtue of their office they sent out a 
call to their confreres to meet at Cleveland, Ohio, in connec- 
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tion with the 1888 session of the A. A. A. S. This final appeal 
proved to be efficacious as it led to the organization of the 
Geological Society of America. 

Meanwhile, several of the geologists, unwilling to delay 
longer the issuance of a geological magazine, boldly took the 
initiative and established The American Geologist, a monthly 
journal of geology. The first number appeared January, 1888, 
with the following gentlemen for editors and proprietors : 
Prof. S. Calvin, Prof. E. W. Claypole, Dr. Persifor Fraser, Dr. 
Lewis E. Hicks, E. O. Ulrich, Dr. A. Winchell and Prof. N» 
H. Winchell. The call for the Cleveland meeting appeared 
in the Geologist for June, 1888, (which see). 

Selections from answers to this circular: — 

W, B, Potter, Washington University, St. Louis, Mo. : **I should 
like to see a geological society formed on an independent basis similar 
to that of the Geological Society of Great Britain, holding three or 
four meetings a year and liaving the direction and control of a geolog- 
ical quarterly magazine, in which high class papers on geoldgical 
subjects should appear, with reliable notes, references and reviews of 
geological material. It does not seem to me that this is too much to 
expect of the present stage of geological knowledge and interest in this 
country.'* 

A. R. C. /S«Zjr//n, Director of the Geological Survey of Canada. '*I 
cordially endorse the idea [of the society], and have no doubt many of 
our geologists will join the society when inaugurated.*' 

F. W. Putnam, Permanent Secretary, A. A A. S. : "As to the extra 
meetings of Section K, I do not see any reason why Section E cannot 
vote to meet at such time:=^ as it may agree upon, and simply request 
the sanction of the council. If the council agrees to a plan carefully 
matured by the section, I should think that would settle the matter. 
Of course the section could not involve the Association in any expense 
not previously sanctioned by the council, and any matter of publica- 
tion would have to be acted upon by the council." 

E, I). Cope, Philadelphia: '*On general principles I object to any 
more societies and publications than we have. But the only desidera- 
tum is closely deilned membership, so that such new societies shall be 
an improvement on what we have. If the membership be so restricted 
would there be enough members to pay expenses ? I incline to think 
that there would be enough w^orking geologists in the countrv to carry 
on such a society sucessfully; but I suspect that the existing bodies 
would suffer by their frequent absence. On the whole I am in favor 
of such a society, provided, (1) that its membership is limited to geolo- 
gists who have actually done good work, and (2) that it have its own 
officers independent of all other bodies whatsoever. But such a socie- 
ty must look to the future for its principal utility. 

J". /. Stevenson, New York City, does not wish the new society to be 
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merely synonymous with section E. '*I should prefer much to see au 
American Geological Society to which none might be eligible except 
those who have made contributions toward the advancement of 
American geology.'* 

/. C Smoch, Albany, New York, favors the formation of a club or 
society identical with section E, and not a new distinct organization. 
''I would suggest a meeting in the early summer or in May, and to 
have for its object excursions to interesting localities." 

TK. H, Pettee, Ann Arbor, Mich. **I was not in favor of the indepen- 
dent organization proposed at first, principally for the reason that it 
seemed likely to antagonize the general society. To the present prop- 
osition I can give a most cordial assent." 

/. C. Brannery State Geologist of Arkansas: ** Hastens to say that 
the formation of such an association seems to me most desirable, as is 
also the method suggested." 

H. S, Williams, Ithaca, N. Y. : "I would like to see a live American 
Geological Society ; but I have serious doubts of the possibility of 
turning section E into such a society." 

X. E, Hicks, Lincoln Nebraska, is **in favor of the proposed organi- 
zation of an American Geological Society." 

John Collett, Indianapolis, Ind., is opposed to each of the proposi- 
tions relative to a connection with the A. A. A. S. 

W, J, McGee, of U. S. Geological Survey, doubts the expediency of 
organizing a geological society in connection with the A. A. A. S. **I am 
in favor of the organization of an American Geological Society as soon 
as we can feel assured of its success. I will join, contribute freely 
towards, and work energetically for an American Geological Society, 
provided it is so constituted as to secure the support of two- thirds or 
more of American geologists ; and though I should prefer that the 
society were independent of the A.A.A.S., I will not make my support 
contingent upon that condition." 

H, L, Fairchild, Secretary New York Academy of Sciences, approves 
of the plan of the circular. '*I doubt if a distinct geological society is 
worth as much, all around, as section E of the A.A.A.S. But an in- 
dependent ** American Geological Society," being section E has the 
advantage of both. It meets my ideas exactly." 

Persifor Froze r of Philadelphia strongly opposes the proposition to 
make the proposed society coextensive with Section E. 

T. Sterry Ilunt of Montreal, would keep the two associations distinct. 
Hopes the management of the society will not fall into the hands of 
any clique or party. 

E, A. Smith, Tuscaloosa, Ala., approved of the plan of the circular. 

G, C Broadhead of Missouri, thinks that geology does not of 
late years maintain its proper prominence in the A. A. A. S. and 
wishes success to those who are trying to inaugurate anew association. 

/. D. Dana of New Haven, Conn., thinks the proposed society 
" would be a good thing and tend to promote good feeling among geol- 
ogists, as well as good science. Only I would not have membership 
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dependent upon membership in the national association, but instead 
throw open the doors widely to all true geologists that care to come." 

W, M, Davis of Cambridge, Mass., asks if the proposed society would 
not interfere with the winter meetings of the Society of American Nat- 
uralists. Suggests that with membership as open as that of A. A. A. 
S. the society would not be an advanced institution. He would have 
stricter attention paid to technical geological business at the meetings 
of Section E, etc. 

C H, Hitchcock, Hanover, N. H., suggests (1) that members of Sec- 
tion E, F and H of A. A. A. S. be eligible to fellowship in the new or- 
ganization ; (2) officers of Section E to be eo; officio the managers of any 
extra meetings through the year ; (3) sectional committee of Section £ 
with the President and Secretary to constitute the council for the man- 
agement of the the society ; (4) the council to call the extra meetings 
and to make all the necessary arrangements ; (5) excursions for the 
purpose of acquiring familiarity with noted localities to be a specialty ; 
(6) special publications to be issued whenever there are funds on hand 
sufficient for that purpose ; these to be issued in slips or forms and 
distributed to every member as soon as printed. 

A sketch of the meetings held later, leading to the establish- 
ment of the present Society, will be found in volume 1 of the 
Bulletin. 

REVIEW OF RECENT GEOLOGICAL LITERATURE. 



Characterittics of VolcanoeSf with contributiom of facts and principles 
from the Hawaiian islands^ including a historical review of Hawaiian 
volcanic action of the past sixty-seven years, a discussion of the rela- 
tion of volcanic islands to deep sea topography, and a chapter on 
volcanic island denudation. By James D, Dana, Illustrated by maps 
of the islands ; a bathymetric map of the Atlantic and Pacific oceans ; 
and views of cones, craters, a lava cascade, a lava fountain, etc. New 
York: Dodd, Mead & Co., 1890. 8 vo. pp. xvi, 399, with 16 plates and 
55 illustrations in the text. 

The title-page of this volume well indicates its scope and contents. 
Excepting its first 24 pages, which are an elementary general descrip- 
tion of volcanoes and their products, with remarks on the methods 
and causes of volcanic action, it is chiefly reprinted from articles pub- 
lished in the American Journal of Science during the past four years. 
The author's first 'observations on the Hawaiian volcanoes were made 
in 1840, as geologist of the Wilkes United States Exploring Expedition ; 
and in the preparation of this work he again visited these islands in 
1887, fifty-three years after the beginning of his study of the volcanoes 
in an ascent of Vesuvius. His son. Prof. Edward S. Dana, contributes 
37 pages on the petrography of the Hawaiian lavas, of which 10 pages 
with a plate and several figures describe very remarkable lava stalac- 
tites from caverns in the Mount Loa lava streams. 
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In accordance with the author's theory, now generally accepted, 
that the great oceanic depressions and continental plateaus became 
distinct features of the earth in the Archaean era and have since been 
permanent with only minor oscillations, we must refer the great vol- 
canic range of the Hawaiian or Sandwich islands, as likewise other 
islands rising from abyssal oceanic depths, nearly all of which consist 
entirely of igneous rocks, to the eruption of molten portions of the 
primal earth crust, for no stratified deposits of considerable thickness 
could be formed so far from the borders 9f the continents. The lavas of 
the Hawaiian islands are augitic basalts, varying chiefly in the amount 
of chrysolite present. Molecular permeation of the magma in the 
volcanic conduits by water as superheated steam, producing vesicula- 
tion and in its escape throwing up jets of lava six to nine hundred feet 
high in the crater of Mount Loa, is attributed to infiltration of the 
water of rains and its slow absorption by the column of molten rock. 
This seems to be demonstrated by the more frequent occurences of 
eruptions in the rainy season, and by the greater volumes of steam 
and consequently higher lava jets in the summit crater than in Kilauea, 
9,000 feet lower and twenty miles distant on the fiank of Mount Loa. 
Furthermore, the independent and unsympathetic action of these vents 
upon the same mountain mass shows that the elastic vapor of water 
which uplifts their lava columns is accessory and of superficial origin, 
instead of being an original constituent of the magma at the great 
depth whence the conduits derive their supplies of lava and of vol- 
canic heat. 

This valuable treatise, and that of Oapt. C. E. Dutton in the Fourth 
annual report of the U. 8. Geological Survey, with the earlier notices 
review^ed by professor Dana,give to the Hawaiian islands the foremost 
place in the literature of vulcanology, a most important branch of geo- 
logic science still presenting many questions to be solved. 

The Geographic Development of Northern New Jersey, By William 
Morris Davis and J. Walter Wood, Jr. (From Proceedings of the 
Boston Society of Natural History, vol. xxiv, 1889, pp. 365-423; with 
16 figures of maps and sections in the text.) This essay is based on 
field work by the authors as teacher and student at Harvard college, 
with the aids of the reports and admirable contoured maps published 
by the State Geological Survey. The investigation proved very in- 
structive, and its methods and general conclusions will probably be 
found to have a wide application to other portions of the Atlantic slope 
when simularly accurate topographic maps of adjoining states and the 
eastern provinces of Canada shall be made. 

The Appalachian revolution, culminating in Permian time, produced 
mountain ranges strongly folded and presumably of great hight for a 
certain period ; but in the area of the Triassic belt their topography 
seems to have been reduced to a moderate relief before Triassic de- 
position began. During an ensuing epoch of mountain-building the 
great mass of sediments accumulated in the Triassic cycle suffered 
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monoclinal tilting and faulting, with the result of a new mountainouB 
topography of less elevation and much less structural distorfion than 
that of Permian time. The Appalachian mountains are therefore not 
to be regarded as the residual relief of an elevation given once for all 
at the time of the great Permian folding. The original mountain 
ranges were worn down low before and during Triassic time, after 
which, in the Jurassic period, they were again uplifted and much 
eroded to a surface named by the authors the Schooley peneplain. 
Next the southeiistorn portion of this area was moderately depressed 
beneath the sea and covered by Cretaceous sediments. The ridges of 
the present time, showing remarkable evenness in their general hight 
are parts of the old peneplain that have as yet withstood the erosion 
consequent on a third uplift, which as well as other oscillations of later 
date, seems to have been of moderate amount and gentle inequality. 

Very interesting studies of changes in the course of streams are 
given in detail with numerous maps. The valleys in the Archaean 
highland portion of the peneplain are mainly coincident in position 
with those of an earlier geographic cycle, but in the Triassic area most 
of the streams were superimposed upon the present rocks from Creta- 
ceous strata that formerly stretched across them, and in many instances 
they appear to have been much affected by adjustments required by 
their denudation of the soft Cretaceous formation and the uncovering 
of the hard trap ridges of the Watchung mountains. 

Geology of the Lassen Peak District. By J. S. Diller. Pages 395* 
432; plates xlv-li; figures 13-19. (Accompanying the eighth annual 
report of the director of the U. S. Geological survey.) The mountain 
district of northern California here described, culminating in Lassen 
peak, 10,437 feet above the sea, appears topographically to be a con- 
tinuation of the Sierra Nevada, but is found to belong geologically to 
the Cascade range. Eruptive rocks of the Pliocene and Quaternary 
periods, including rhyolite, quartz andesite (dacite), hornblende 
andesite, hypersthene andesite, basalt, and quartz basalt make up the 
entire Lassen ridge. These overlie sedimentary rocks, which in de- 
scending order comprise Pliocene and Miocene strata, the Chico beds 
of the upper Cretaceous, and the auriferous slate series. The present 
report treats mainly of the sedimentary formations and the topoj^raph- 
ifc changes brought about by erosion and deposition, by the outpouring 
of lava, and by orographic movements ; while detailed descriptions of 
the igneous rocks are reserved to a later report. 

After the folding and uplifting of the auriferous series near the close 
of the Jurassic period, 3Ir. DiHer finds evidence that 'Muring the 
whole of the Cretaceous and the Tertiary the great belt of country lying 
east of the present Sacramento valley, embracing the region now oc- 
cupied by the Sierra and a large portion of the Great Basin, was above 
the sea, and subjected to great degradation, which reduced it almost 
to its base level of erosion.*' But at the end of the Pliocene period 
this area is shown to have l>een greatly elevated by successive uplifts 
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Accompanied by volcanic outbursts along the course of the Sierra and 
Oascade ranges- . Still later, during the Quaternary period, profound 
/cftulting has separated the high Sierra as a distinct range by the sub- 
dence of the Great Basin region. 

The author thus refers the upheaval of this highest mountain range 
f the United States and the immense lava flows of the Pacific slope to 
same period during which ice was accumulated in vast thickness and 
eight on the northern half of the continent.Tlie possible and indeed the 
Tobable causal connection of these great geologic developments has 
pointed out by Prof. A. Winchell in thelirst volume of the Amer- 
r <DKS Geologist. With the more extended exploration of the geology of 
^le Sierra Nevada, now being prosecuted by Mr. Keeker of the U.S. 
^a eological survey, we may hope for much fuller knowledge of its age 
■Brjid history; and at the same time Capt. Dutton's researches on the 
volcanic areas stretching thence northward may be expected to 
fTord means for close correlation with the drift formations and the 
ontinental ice-sheets. 

The FobbU Butterflies of Florissant. By Samiei. II. Sciddek. Pages 
33-474; plates lii and liii; figures 20-22. (Accompanying the eighth 
.nnual report, U. S. geological survey.) Seven of the total seventeen 
nown species of fossil butterflies have been found at Florissant, Col- 
rado, as described in this memoir, in beds supposed to be of Oligo- 
ene age. Their general aspect is regarded as distinctly subtropical 
d American ; but one species, belonging to the aberrant group Liby- 
"^lieinte, is "specially curious, as it resembles least of all the American 
species of the sub-family, and most of all <me that occurs in western 
-Africa.'* From characters observed in the structure of the Florissant 
tiutterflies, Mr. Scudder infers that there was very rapid development 
^^hen butterflies first appeared, or that they began to exist at a far 
^sarlier period than the Oligocene, in which, at Aix, the oldest fossil 
iDutterflies of Europe have also been obtained. 

The Geology of the Island of Mount Desert, Maine. By Nathaniel 

SSouTHOATB SuALER. Pagcs 987-10)1 ; plates lxiv-lxxvi; figures 2'Jl-45. 

C Accompanying the eighth annual report, U. S. geological survey.) 

T'he examination of [Mount Desert was undertaken for the purpose of 

determining to what extent this part of New Englan<l has been aff'ected 

Y)y changes of level since it was uncovered by the recession of the ice- 

^heet at the end of the glacial period. Mount Desert, the largest island 

^f the rocky, fiord-indented coast of Maine, having an area of about a 

hundred square miles, was selected for this inquiry because it is the 

liighest part of the whole eastern shore line of the United States. 

<7reen mountain, the culminating point, rises 1,527 feet above the sea, 

and the average elevation of the island is almost five hundred feet. 

Its cliffs of rock, mostly facing the south and east, and its long, smooth 

northwardly descending slopes of till, are well adapted for preserving 

evidences of former submergence of the land. 
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Professor Shaler believes that he finds one class of shore lines, 
namely, rock escarpments eroded by wave action, clearly traceable in 
certain localities at successive bights, first, 90 to 100 feet above [the 
sea ; second, about 160 to 195 feet ; third, about 220 to 240 feet ; fourth, 
from 270 to 290 feet; fifth, about dOO feet; sixth, 380 to 430 feet; and 
seventh, about 480 to 500 feet. At still greater heights precipitoos 
clifis, which Prof. Shaler thinks to have been worn by the sea, occur 
in numerous places between 550 and 1000 feet above the sea. Finally, 
on the more gently sloping mountain summits of the island, eroded 
benches of rock are found at the bights of 1,140 to 1,160 feet ; 1,210 to 
1,240 feet; and, less distinctly, from 1,280 to 1,320 feet, at 1,460 to 1,480 
feet, and at about 1,510 feet, or only 17 feet below the top of the Green 
mountain. The author therefore concludes that the Mount Desert re- 
gion at the time of the disappearance of the ice-sheet was depressed 
probably not less than 1,500 feet, and certainly more than 1,200 feet, 
below its present level, to which he supposes that it has been elevated 
by a succession of uplifts, sometimes very sudden, with long interven- 
ing stages of repose. 

It seems more probable, however, if not altogether sure, that the 
eroded rock benches and cliffs so fully observed and described 
in this memoir have been produced by the ordinary process of subaS- 
rial denudation, in which the formation of horizontal benches, resem' 
bling those of shore lines, would result from the presence of the nearly 
horizontal system of joint planes intersecting the granites of these 
mountain slopes. Indeed, this explanation of the origin of the rock 
scarps without aid from marine action is the only view consistent with 
the absence of wave-cut terraces and wave-built beach ridges upon the 
deposits of glacial drift which cover large tracts of the island. Nearly 
twenty years ago Prof. Shaler thoroughly searched for shore lines of 
this class on Mount Desert,but found no traces of them (Memoirs, Bos- 
ton Society of Natural History, 1874, vol. ii. p. 327) ; nor have any been 
discovered during more recent investigation. This deficiency, though 
not alluded to in the present report, seems fatal to its argument that 
there has been a great and long continued postglacial submergence. 

But marine fossils occurring up to the bight of about 100 feet above 
the sea in the stratified beds on Mount Desert formed during the glacial 
retreat, and at the hi^ht of about 200 feet on Deer Isle, ten to fifteen 
miles distant to the southwest, show that the region was depressed to 
a moderate amount. From the elevations at which such fossiliferooB 
marine deposits are found overlying the till, it is known that the post- 
glacial submergence of the land, beginning in the vicinity of Boston 
and in Nova Scotia, gradually increased toward the north and north- 
west to about 520 feet at Montreal. This depression, however, appears 
to have been of short duration, for no definite lines of shore erosion or 
beach deposits raised above the present sea level have been discovered, 
if we except these rock benches and cliffs of Mount Desert. 
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THE THICKNESS OP THE DEVONIAN AND SILURIAN 
ROCKS OP WESTERN CENTRAL NEW YORK. 

Charles S. Pbosber. 

The Pioneer well of Findlay, Ohio, demonstrated in Novem- 
ber, 1884, the existence of natural gas in commercial quan- 
tity in the Trenton limestone of northwestern Ohio. The dis- 
covery of a new geological horizon for oil and gas was follow- 
ed by the drilling of test wells in other states, especially in 
those which were partly underlain by the Trenton Uipestone, 
and the attention of prospectors was early directed toward 
New York state as a promising field. In April, 1887, a test 
well was commenced in central New York, near Morrisville, 
Madison county.* 

Daring the remainder of the year wells were drilled in west- 
ern central New York at Ithaca, Seneca Falls, Clyde, Wol- 
cott, and Fulton. In the Seneca Falls, Wolcott, and 
Fulton wells a small quantity of natural gas was obtain- 
ed; but, not in sufficient amount for commercial purposes. 
The gas in the Seneca Falls well came from the upper part of 
the Medina sandstone and from the upper Trenton limestone 
in the Wolcott and Fulton wells. 

Although the wells have been failures, in so far as obtaining 
natural gas for commercial purposes is concerned ; yet, from a 

'A geological description and section of the Morrifiville well are given 
in Proc. A. A. A. 8. vol. xxxvi (1888), pp.208, 209. 



200 The American Geologist. Oct. law 

scientific standpoint, they have furnished the geologist with 
mportaht information. Previous to the drilling of t hese wells 
it was not possible to give accurately the thickness of the De- 
vonian and Silurian rocks of central New York. The thick- 
ness of the formations was estimated in various ways, princi- 
pally by the following two: first, from sections of cliffs or 
hills and secondly from the supposed rate of dip per mile ; but 
it has been found that in nearlv all cases these were underesti- 
mates of the actual thickness of the formations. Furthermore, 
these estimates seem to have been regarded by many geologists 
as the maximum estimate for the thickness of the rocks and 
for this reason they were inclined to regard them as an over- 
estimate for the probable thickness of the formations. 

In a communication recently presented by an able geolo- 
gist to a geological society it was stated that the Utica shale at 
Syracuse, New York was one thousand feet below the surface.' 
When we remember that a well was drilled at Syracuse to the 
depth of 1969 feet, that it stopped in the gray Medina and 
that below tliis is the entire thickness of the Hudson group 
before reaching the Utica shale, then we have an idea of the 
dift'erence between the popular notion of the thickness of 
these rocks and their actual thickness. On this account it 
seems desirable to compile general geological sections for New 
York state ; giving, so far as possible, the thickness of the 
difterent formations as obtained from these well records. The 
section selected for this paper is one ranging geologically 
from the Barclay coal of Pennsylvania to the Archean of On- 
tario, Canada. Geographically the section extends northward 
from Barclay, Bradford county, Penn'a, passing near Elmira, 
Ithaca, Seneca Falls, Clyde and Wolcott, New York, and un- 
der lake Ontario to Canada. It is appoximately along a line 
somewhat east of the 77th meridian and may be called the 
section of western central New York. 

RECORDS OF THE WELLS. 

First, a condensed record of each well will be given and then 
a general geological section, compiled in the main from these 
records. The wells will be taken up in geographical order, com- 
mencing with the southern and proceeding northward. 

The Bird Creek well is located near the center of the north- 

"/Luierican GeoIogiHt, vol. v. (February, 181H)), p. 118. 
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ern boundary line of Wells township, Bradford county, Penn., 
not far from Wells station on the Tioga Division of the New 
York, Lake Erie and Western R. R. It is eighty rods south 
of the 77th mile stone of the state line between New York and 
Pennsylvania, and about eight miles southwest of Elmira, 
New York. Drilling was commenced November 15th, 1887 
and finished April 17th, 1888. The well produced no oil ; but 
a small amount of gas was obtained at a depth of 348 feet. At 
371feet a little salt water was found and at about the same depth 
a vein of mineral water. The altitude of the mouth of the 
well is about 1600 feet A. T., according to Mr. Wm. Brown, to 
whom I am indebted for the samples of drillings. The well 
commenced in the upper part of the Chemung group and at a 
depth of about 930 feet there was a change from the greenish- 
gray, micaceous sandstone chips to those of greenish-blue or 
blue argillaceous shales, which are probably the upper part of 
the Portage group. The well was drilled to a depth of 2710 
feet, without reaching the Genesee black shale, which indicates 
in this well a thickness of more than 1780 feet for the Portage. 
Or, since there is some doubt as to the line of separation be- 
tween the Chemung and Portage, it shows that in southern 
New York, near the meridian of Elmira, the combined thick- 
ness of the Chemung and Portage groups is considerably more 
than 2700 feet. 

Section of the Bird Creek Well. 
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Altitude, estimated, ICOO' A. T. 

First sample, greenish, non-calcerous sandstone. 
Greenish-gray , micaceous sandstone,8lightIy calcareous. 



Chips partly from light gray sandstone ; but mostly from 
a slightly purplish sandstone, which is some- 
what calcareous. 

Greenish-blue, non-calcareous, argillaceous shale which 
is probably in the upper part of the Portage. 

The specimens from the remainder of the well are nearly 
all of greenish or bluish tint, are mostly from ar- 
gillaceous or arenaceous shales which are usually 
non-calcareous. At 2700' the chips are from a 
dark blue, finely arenaceous shale, which is 
slightly calcareous. 

The last sample from the bottom of the well, at 2701' 
is a bluish to greenish-gray, line grained, arena- 
ceous rock, which is very slightly calcareous; 
also, there is blue argillaceous shale. 
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16M' 
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2542' 
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2664' 
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?iee blauk shale. 

Tully liniestone. 

' Hamilton Bbfllee and aaadstones. 

Marcellue black shale. 

Cornilerous limeatone. 

Oriskiuiy saudstooe. 

er HelderberR limestoneB. 
~ Approxuiiate top of the Salina group. 
Magiieaian limestones, calcareous shales and i 
gypBcm. 

It rock salt strutum. 

' Shale. 

2d rock salt. 

Shale. 

[1 rock ealt. 

Shale. 

■ock salt. 

Shale. 

■Ofk salt. 

. Shale. 

wk salt. 

. Shale. 

7th rock salt +' — 6 

'_ Shale. 

_ 8th rock salt. 

Shale. 

• GreeniBli' ahale. 

Dark gray shale. 
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9th rock salt, 6 '-8'. 

Some salt crystals. 

Green shale. 

Salt crystals, the last seen. 

Traces of mottled red and green shales. 

Green Shale. 

Mottled red and green shales. Most of the shale is 
green, but there is some red and green mottled. 

Last sample. 

Bottom of well according to the contractor, Mr. Rust. 

The Ithaca well passed through from 1230 '-1285 ' of the Salina and 
only reached the m-st of the red and green mottled shales above the 
red shale. 

For some additional information in reference to the Ithaca well see 
Trans. Am. Inst. Min.Eng., vol, xvi, pp. 941, 942. Also. N. Y. Ass. 
Boc. '89, No. 43, p. 22 and charts ii, iii and iv. 

Section of well drilled at Seneca FalUy Seneca county ^ New York, Loca- 
tion in the Seneca River valley in the eastern part oftJie village. 

Altitude, approximately, 385' A. T. 

Drab colored, impure limestcmes. 

Blue marls with an occasional red an<l green chip. 

Greenish-gray marls and drab colored limestones. 

Mostly bright red shale ; but some mottled red and 
green shale. 

Dark blue limestone and shale in the upper part with 
greenish shales at the base. 

Niagara and Clinton groups. 

Red shales and sandstones of the Medina group. 

Bottom of the well. 

This well commenced in tlic upper part of the Salina eroup and was 
drilled to the depth of 1500 ', the last 150' being in the ^^edina group. 
See Trans. Am. Inst. Min. Eng. vol. xvi, pp. 949, 950. 

Section of well drilled at Clyde, Wayne county, New York, Location in 

Clyde village. 

Altitude, approximately, 389' A. T. 
Gray, green and blue marls with gypsum. 
Red marls. 
Blue and green marls, probably Salina. 
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r340' 
450 
675' 



110' 

• • • • 

225' 






758' 
782' 
785' 



Jl7( 



S jnoo 

9 



1792 



Dark blue limestone, upper division of Niagara. • 

Shaly liinestone of Niagara. 

Approximate top of the Clinton group.* 

Sample from 675'-690' haa a re<1dieh tint, some of the 
chips are greenish and two are oolitic iron ore. 

Red shale of Medina. 

Greenish, gray siliceous sandstone; the "Gray band." 

Red shales alternating with red sandstones and form 
ing the Red Medina. 

Gray sandstone of Oswego (Vanuxem). 



o 

CO 



5$ 



21 (V 



Bottom of well. 
See Trans. Am. Inst. Min. p:ng. vol. xvi, pp. 942,943. 

Section of well drilled at Wolcottf Wayne county, New York. Location 

in the ratine at Wolcott village. 

Altitude, approximately, 317' A. T. 

Shaly layers of Niagara limestone above and Clinton 
below. 

220 Oolitic iron ore of Clinton. 

Red shale alternating with red, siliceous sandstone, 
forming the Red Medina. 

Oswego Hundstone of Vanuxem. 

Some blue shale alternating with grav, siliceous sand- 
stone*, similar to the Oswego sandstone. 

Undoubted Hudson blue shale. 

Utica shale. 

Top of Tronton. 

TJmestonc alternating with shaly, calcareous layers. 

2092' g§ (ias. 

• • • • 

2330' t^ Largest flow of jras. 

• • • • 

2700^ 



230' 

920' 
1130' 

1300' 



1950 



170' 



650' 



Bottom of well, yet in the Trenton limestone. 

See Trans. Am. Inst. Min. Ping. vol. xvi, pp. 943, 944. 

From a partial record of a well drilled in Ontario, Wayne county, 
New York it seoms probable that the bottom of the Wolcott well "is 
within about HX)' of the base of the Trenton group, below which is 
perhaps 150' of Calciferous limestone before the Archean would be 
reached. 
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From these well sections has been compiled the following 
general section giving the thickness of the different geological 
formations, together with the total thickness of the series from 
the lowest Coal Measures down to the Archean. The thickness 
of the formations from the Barclay coal to the top of the Por- 
tage is estimated, while for the remainder of the series tt has 
been obtained from the wells drilled at Bird Creek, Ithaca, 
Seneca Falls, Clyde, Wolcott and Ontario. 



A general geological section of Western Central New York. 
Barclay lower coal. 
Pottsville conglomerata 
Mauch Chunk red shale. 
Pocono gray sandstone. 
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5425' 
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7293' 
7376' 
8318' 
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1780' 



> Estimated. 



100' 



30' 



1142' 



82 
78- 



13' 



115' 



1418' 



335' 

• • • • 

83' 



Catskill. 

Cliemung. Estimated. 

Upper Portage. 

Ithaca f^oup. 

T n-aror Pnrf aero Kccord flrom Bird Creek well which does not 

Genesee shales. 

Tully limestone. 

Hamilton. 

Marcellus shales. • 

Corniferous limestone. 

Oriskany sandstone. 

Lower Helderberg limestones. 

Salina. 

Niagara limestone and shales. 

? 

Clinton. 



942' 



210' 



170' 



Red Medina ; sandstones and shales. 
Oswego sandstone. 

Transition from Oswego sandstone to ) ^^^^P 

Hudson shales ; gray sandstoneand blae shales. 



f Hudson 
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8698^ 



9348' 



10190' 
10340' 




Hudson River group and 
Utica Bhale. 



Trenton limestone. 

? Calciferous limestone. 

Arehean. 

In order to show the relation of the above section to our 
previous knowledge a general geological section, ranging 
through the same series of formations, has been compiled from 
the books. In the compilation of this section the maximum 
thickness of the formations, as near the line of section as pos- 
sible, has been taken. The notes following the section give the 
authority and reference to the work in which may be found the 
statement of the thickness of the various formations. 

A generalized geological section along the meridian of Cayuga lake, 
from the Barclay coal of Pennsylvania to the Arehean of Ontario. 
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(1) 
1000' 



(2) 
1200' 



Barclay coal. 

From the Barclay lower rPottsville conglomerate, 
coal to top of the 1 Mauch Chunk shale. 

Chemung. ) Pocono sandstone. 

LCatskill. 



Chemung, both in Penn. ami Xew York. 



r:5) Upper Portage of H. S.Williams ' 



3500' 
3600' 

3620' 
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1300' 



(4) 



100' 



(5) 



20' 



Ithaca group of Vanuxem. 
Lower Portage of II. S.Williams. , 

Genesee shale. 

Tully limestone. 



' Portage of H. S. 
A\ illiams. 



[OOO' Hamilton. 



(7; 



(8) 



oO' Marcellus shale. • 

Corniferous and Onondaga limestones. 



100' 



(0) 



I 



Oriskany sandstone. 
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4885' 
^885' 
6025' 
^105' 
6705' 

7705' 
8005' 
8755' 
8835' 



(10) 
110' 



(11) 
lOOO' 



(12) 
140' 



(13) 
80^ 



(14) 
600' 



(15) 
1000' 



(16) 
300' 



(17) 
750' 



(18) 
80' 



Lower Helderberg limestones. 

Salina. 

Niagara limestone and shales. 

Clinton. 

Medina. 

Hudson. 

Utica shale. 

Trenton. 

?Calciferou8. 

Archean. 



Authority and reference for the thickness of the formations j as given in 
the preceding section, 

1. Dr. Henry S. Williams. On the Fossil Faunas of the Upper De- 

vonian along the meridian of 76^30' from Tompkins county, 
N. Y., to Bradford county, Pa. Bull. U. S. Geol. J<urv., No. 3, 
p. 28. 

2. Idem. Loc. cit, pp. 25, 26 and 29. 

See Trans. Am. Inst. Min. Eng., vol. xvi. p? 945. 
The Chemung in New York was estimated by Prof. Hall to 
have a thickness of 1500' (Geol. of N. Y., Pt. iv, p. 260) ; this 
did not include 300 ' of the Upper Chemung in Pennsylvania, 
but did include the Upper Portage of H. S. Williams 
and the Ithaca group of Vanuxem both of which Dr. Williams 
has referred to the Portage. Dr. Williams* estimate for this 
series was 1950' (Trans. Am. Inst. Min. Eng., vol. xvi, p. 945). 
3. Dr. Williams estimates the Portage, which is subdivided into the 
Upper Portage, Ithaca group and Lower Portage, as 1300' in 
thickness (Bull. U. S. Geol. Surv., No. 3. p. 21). Vanuxem 
estimated the Ithaca group as about 400' (Geol. of N. Y., Pt. 
in, p. 174) which is regarded by Dr. Williams as 450' in thick- 
ness (Trans. Am. Inst. Min. Eng., vol. xvi, p. 945). Vanuxem 
said that ''the wall of rock at Ithaca can not be less than about 
400' thick** ; but this probably included some of the Lower ( ?) ^ 
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and Upper (?) Portage. Vanuxem called the Portage group^ 
which corresponds to the Lower Portage of Williams, 150' 
thick (Greol. N. Y., Pt. iii, p. 170), this is estimated by Dr. 
Williams to be 250' in thickness (Trans. Am. Inst. Min. £ng.^ 
vol. XVI, p. 945). 

4. Vannxem said that 'Mn the ravines east of Ludlowville [near 

the eastern shore of Cayuga lake], the slate [Genesee] 

cannot be less than from eighty to one hundred feet 

in thickness'' (Geol. N. Y., Pt. iii, p. 169). 

5. Prof. S. G. Williams says *' On both sides of Cayuga lake the 

thickness of the undoubted Tully varies from twelve feet at 
King's Ferry to a maximum of eighteen and one-half feet. . . . 

In the Owasco lake valley, the general thickness i» 

somewhat greater than on Cayuga lake." One section in this 
latter valley is twenty-three feet thick (6th Ann. Rep't of the 
State Geologist [N. Y.] for the year 1886, p. 19). 

6. Hall wrote ''the thickness of this group [Hamilton] on the 

eastern limit of the district [fourth geol. district,' Cayuga lake 
region] cannot be less than 1000 feet" (Geol. N. Y., Pt. iv, p. 
194). Vanuxem gave the maximum thickness as 7(X)' (GeoL 
N. Y., Pt., Ill, p. 151). While Dana states that "the greatest 
thickness — about 1,200 feet — is found east of the centre of the 
state." (Man. of Geology, 3d Ed., p. 266). 

7. Hall, Marcellus shale 50' (Geol. N. Y., Pt. iv, p. 179). 

8. Corniferous limestone 35' Hall (Ibid, p, 168); Onondaga lime- 

stone 20' at Williamsville, Erie county, N. Y., (/Md p. 157), 
both 55' in thickness. Prof. S. G. Williams calls it 100' thick 
(Ithaca Daily Journal, April 19, 1887). 

9. Vanuxem, Oriskany sandstone is nearly three feet in thick- 

ness near Springport, on Cayuga lake (Geol. N. Y., Pt. in, p. 
127). Prof. S. Cr. Williams gives the thickness as three feet 
eight inches for the same exposure (Am. Jour. Sci., 3d ser., 
vol. XXX, p. 212). 

10. Prof. S. G. Williams, Lower Helderberg limestones 11(V (Ibid 

pp. 212, 213) ; also, 120' thick (Ithaca Daily Journal, April 19^ 
1887). 

11. Dana says "they [Salina beds] are 700 to 1000 feet thick in 

Onondaga and Cayuga counties (Man. of Geol. 3d Ed., p. 233) ; 
also, see idem p. 236. See Dr. F. E. Engelhardt's record of the 
Jamesville well, 8 miles south-east of Syracuse, which was- 
commenced on top of the waterlime and at a depth of 1040 '^ 
had not reached the bottom of the red shales, which form the 
lower part of the group. (Ann. Rep't Sup't Onondaga Salt 
Springs, for 1881. N. Y. Assembly Doc. 1882, No. 16, p. 20.) 
Ibid, for 1884. Ibid. 1885, Xo. 32, p. 18. 
Jbid. for 188H. Jbid. 1889, No. 43, pp. 23, 24 and chart No. ii., 
Sir William Logan stated that **it [Salina] attains its greatest 
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thickness, which is about 700', in Wayne county" (Geol. 

Surv. of Canada. Rep't of Prog, from its Commencement to 
1863, p. 346). 

12. According to Hall the shale of Niagara group at Wolcott, 

Wayne county *'i8 little less than 100 feet" and the limestone 
''is apparently not more than 30 or 40 feet thick in Wayne 
county" (Geol. N. Y., Pt. iv, p. 97). 

13. The thickness of the Clinton group in Wayne county is some- 

what less than 80 ' (Hall : Tbid, p. 66). 

14. Hairs report says ''Its [the Medina] greatest width is on the 

Niagara river ; but here a large portion of it is excavated on 
the north, leaving probably less than half its original extent 
within the state. From the w^idth here exposed, the thick- 
ness actually measured, and the rate of dip to the southward, 
there is about three hundred and fifty feet of the rock between 
the mouth of Niagara river and the termination of the rock 

above Lewiston This rock thins out entirely in an 

easterly direction in Oneida county." {Ibid, p. 43). At Roch- 
ester, N. Y., somewhat less than 600 ' (Logan: Geol. Surv. of 
Canada. Rep't of Prog, from its Commencement to 1863, p. 
310). 

15. The Hudson group is from 800 to 1000 feet thick in central and 

northwestern New York (Hall : Geol. Surv. N. Y., Paleon- 
tology, vol. Ill, pt. I, text, p. 20, foot note). It is 770 ' thick 
on the east side of the township of Collingwood, on Nottawa- 
saga bay, at the head of Georgian bay, Ontario. (Logan : Geol. 
Surv. of Canada. Rep't of Prog, from its Commencement to 
1863, p. 213). 

16. The Utica shale is *'250 feet in Montgomery county; 300 in 

Lewis coimty" (Dana: Man. of Geology, 3d Ed., p. 196). The 
Campbell well, three miles west of Utica, passed through 710' 
of Utica shale and there are surface outcrops in the Mohawk 
Valley (?) of 600 ' (Walcott : Proc. Am. Ass. Adv. Sci., vol. 
XXXVI, p. 212). 

17. Yanuxem stated that ''the greatest thickness of the Trenton 

limestone is in Lewis county where it cannot, be 

less than three hundred feet" (Geol. N. Y., Pt. in, p. 49). 
Emmons called it 400';(GeoL N. Y., Pt. ii, p. 116). In 
Ontario, Canada, north of Ontario, Wayne county, N. Y. it 
is 679 ' (Logan : (tcoI. Surv. of Canada Rep't of Prog, from its 
Commencement to 1863, p. 186) ; and along the Trent river 
about 750 '(Jfeid. p. 188). 

In the Campbell well, near Utica, about 430'; surface out' 
crops 290 ' (Walcott : Proc. Am. Ass. Adv. Sci., vol. xxxvi, p. 
212). 

18. Logan wrote under the heading of the "Calciferoua forma- 

tion" that "On the west side of the ridge [Laurentian], follow- 
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ing the Potsdam where this is present and resting on the Lau- 

rentian series where it is wanting, there are generally met with 

thirty or forty feet of strata almost destitute of organic remains 

and about the same amount with a few fossils insufficient to 

determine the age of the strata with certainty." (Greol. Surv. 

of Canada. Hep't of Prog, from its Commencement to 1863, 

' pp. 118, 119). Also, "to the westward of the Laurentian 

ridge of the Thousand Islands, there are about eighty feet of 

strata, the age of which is not very clear" ijhid. p. 177 and 

see p. 182). 

Calciferous and arenaceous strata in the Campbell well, near 

Utica, about 360'; surface outcrops 350' (Walcott: Proc. 

Ani. Ass. Adv. Sci. vol. xxxvi, p. 212). 

Taking the sum of these maximum estimates and we have a 
series of rocks 8835 ' in thickness between the lowest or Bar- 
clay coal and the Archean. 

But in the State well at Syracuse, as reported by Dr. F. E. 
Engelhardt, it is 1237 ' from the top of the Niagara to the bot- 
tom of the red and brown Medina. (See Ami. Rep't Sup't 
Onondaga Salt springs, for 1884. N. Y. Assembly Doc, 1885, 
No. 32, pp. 15-17 ; and. Trans. Am. Inst. Min. Eng., vol. xvi, p. 
944). The thickness of the same series, and including the 
Oswego sandstone,is given in the books as 820 ',or 417 'less than 
the actual thickness at Syracuse. Adding this correction to 
the 8835 ' and we have for the general section a total thickness 
of 92.30'. 

Geologists did not generally use these maximum estimates 
of thickness, as has been shown by their estimates of the 
depth at which certain formations might be reached. The 
Ithaca test well affords a good illustration of the above state- 
ment and others might be given. The mouth of the well is 
geologically at about the top of the Lower Portage of Dr. H. 
S. Williams and the objective point was the Trenton limestone. 
Estimates of the depth to which it would be necessary to 
drill, in order to reach the Trenton, were furnished the com- 
pany by several geologists. One estimated the thickness of 
the formations to be penetrated in drilling the well as follows : 

Portage and Hamilton 1030 ' 

Corniferoufl limestone 100 ' 

Lower Ilelderberg - 120 ' 

Salina. - - 700' 

Niagara, including Clin- 
ton and Medina - 150 ' 

Hudson group and 
Utica shale - -200' 

Total - - 2300 
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This estimate located the top of the Trenton limestone at a 
depth of 2300' and the bottom of the formation at a depth not 
exceeding 2800'. (See article on '^Oil and Gas. Do they exist 
in this region?" Ithaca Daily Journal, April 19, 1887). 

Taking the thickness of this series of rocks from the gener- 
alized section of maximum thickness and we have 4755' as the 
depth of the top of the Trenton limestone at Ithaca, N. Y. 
The thickness of this series, as shown by continuous well sec- 
tions in the preceding general section, is 5708 ' or 953 ' more than 
the supposed maximum thickness of this series. If the record 
of the state well at Syracuse be considered then the maximum 
estimate to the top of the Trenton limestone would be 5172 ', 
or 536' less than the probable thickness of these formations. 

U, S. Geological Harvey, June, 1S90, 



ARTESIAN WELLS IN NORTH AND SOUTH 

DAKOTA. 

By Warren Upham, Somerville, Mass. 
[Read before the Miunesota Academy of Natural Sciences, June 10. 1890.] 

On the broacl fertile plain called the Reel river valley, which 
was the bed of the glacial Lake Agassiz, many artesian wells have 
been obtained within the thick drift sheet, deriving their supply of 
water from porous beds or veins of sand and gravel beneath, and 
frequently between, deposits of boulder-clay or till. The depths 
of these wells vary from 40 to about 250 feet, and the hight to 
which the water is capable of rising is often only a few feet and 
seldom more than 25 to 50 feet. Hundreds of these flowing 
wells, commonly one to two inches in diameter of pipe, are in use 
on farms, at grain elevators, and for the supply of towns, on 
both the Minnesota and North Dakota sides of the Red river. 
Some tracts of considerable area, however, fail to And artesian 
water, but even these generally encounter water-bearing layers at 
depths corresponding with those of the artesian wells, from which 
water rises nearly to the surface. 

The narrow areas that may be sometimes occupied by the sand 
and gravel layers 3uelding artesian water, or the thin and in some 
places entirely deficient condition of these layers, is illustrated by 
the different depths at which a flow of water was first encountered 
by four wells in the village of Grandin, North Dakota. These 
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wells are on an area only about fifty rods in extent, and their 
several depths are 105 feet, 158 feet, 187 feet, and 248 feet. 
Either the upper water-bearing beds here are narrow, like a stream 
course, so that they were not found by the deeper wells, or, if 
they exist as sheets of great width as well as length, they are in 
some parts thinned out, allowing the impervious till above to rest 
on that below. But in the direction from which the water supply^ 
is received, these gravel and sand veins or beds must have a great 
extent and descend from levels higher than the central part of the 
Rod river valley, where the artesian wells are situated. At least 
this must be the case where the water is fresh or only very slightly 
saline, as at Grandin and in all the southern part of the valley as 
far northward as the vicinity of Crookston in Minnesota and 
Blanchard in North Dakota, and in a large district of Manitoba 
including Winnipeg and the Mennonite reserve east of the Red 
river. 

North of Crookston and Blanchard to the international bound- 
ary- and in the south edge of Manitoba, the water of these wells, 
almost without exception, is distinctly saline and alkaline. It 
seems very probable that the water-l>earing beds of that large 
portion of the Red river valley differ widely in the origin of their 
water supply from the foregoing. Instead of deriving their water, 
like tlie fresh artesian wells, from rainfall upon higher parts of 
the drift surface contiguous to the Red river valley, there seem to 
be good reasons for belie\ing that the brackish water is mainly * 
from the basal sandstone of the Cretaceous series, coming through 
that sandstone from its outcrops on the flanks of the Rocky 
Mountains and Black Hills, and permeating upward into the drift 
of the Red river valley from areas where this sandstone is the 
underlying bed-rock. 

Deep artesian wells of somewhat saline and alkaline water, like 
that of the part of the Red river valley just described, are ob- 
tained on a belt that extends across North and South Dakota from 
De\irs Lake to Yankton and Vermillion, including the greater 
part of the James river basin. Wherever borings along this belt 
have penetrated to the Dakota sandstone, the lowest formation of 
the Cretaceous series in the Upper Missouri region, artesian water 
has been found. Probably as many as a hundred wells have been 
bored, their depths ranging from 900 to 1,550 feet, except in the 
southern part of the James and Vermillion valley's, where many 
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wells are only 600 to 750 feet deep, and a few, the farthest 
southeast, are between 300 and 400 feet in depth. These wells 
are mostly five or six inches in diameter, and their strong pressure, 
commonly from 50 to 175 pounds per square inch at the surface, 
makes them valuable not only for fire-h3'drants, but also to fur- 
nish power for manufacturing purposes. Several wells have been 
bored at Aberdeen, and three years ago fifteen wells were in use 
in Tankton. The pressure of the wells in Yankton is sufficient 
to raise the water 129 feet, and in numerous places along the 
middle portion of the James river valley, as Huron, Reilfield, 
and Aberdeen, the pressure corresponds to a rise of more than 
400 feet above the surface. 

The sections of these deep wells in North Dakota and on the 
high land between the James and Missouri rivers in South Dakota 
include, beneath the drift, the Fort Pierre, Niobrara, and Fort 
Benton divisions of the Cretaceous series ; but along the lower 
part of the James river and on the Vermillion, erosion during the 
Tertiarj' era removed the upper ix)rtion of these beds, leaving 
only the Fort Benton shales or a part of that formation over the 
Dakota sandstone. 

At Devil's Lake, where an artesian well was bored last vear, 
aljout six feet above the de|K>t, or 1,470 feet alx)ve the sea, the 
section was as follows : — 

Section of Well at DcvUs Lake. 

Glacial drift, till as on the surface 25 feet 

Dark shale, nearly alike through its whole thickness, in- 
cluding the Fort Pierre and Fort Benton formations, 
with no noticeable calcareous beds at the intermediate 
Niobrara horizon 1,403 feet 

Gravel, of granitic pebbles up to a half inch in diame- 
ter, firmly cemented with nodular pyrite 8 feet 

Dakota sandstone, or rather a bed of loose sand, very 
fine, white or light gray, the base of which was not 
reached 80 feet 

Total 1,511 feet 

From the sandstone, at the depth of 1 , 470 feet, artesian water 
came up with a rush, but sand soon filled the pipe so that the 
supply became small. It is from this level that the present flow 
comes, through narrow slits cut in the pipe. The boring was 
continued 40 feet deeper, but no such strong flow was obtained 
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below. In July, 1 889, when the well was completed, it supplied 
1,800 barrels of water in 24 hours, or about 40 gallons per 
minute, the diameter of the pipe being 8 inches, reduced to Sc- 
inches in the lower portion. The stream flowing awa}' was then 
turbid with the exceedingly fine particles of sand brought up from 
the bottom. 

The Jamestown well, bored in the winter of 1886-87, about 
eight feet below the depot or 1,400 feet above the sea, went 
through a similar section of about 1,400 feet of shales, with no 
distinctly different portion to indicate the place of the Niobrara 
formation. The same nearly uniform section has also been 
found to a depth of 1,350 feet at Deloraine, in Manitoba, close 
northwest of the Turtle Mountain, as I am informed by Mr. J. 
B. Tyrrell of tlie Geological Survey of Canada. At that depth, 
which was bored last year, there still lacked about 300 feet of 
reaching the sea level, from which the DeviFs Lake artesian 
water rises. 

For the greater part of my notes of the artesian wells of South 
Dakota, also of Ellendale and Oakes in North Dakota, I am in- 
debted to Resources of Dakota^ published by the territorial Com- 
missioner of Immigration in 1887, and to recent correspondence 
with Prof. G. E. Culver, of the University of South Dakota, and 
with Prof. C. W. Hall, of the University of Minnesota. These 
data, witli those obtained by me at Devil's Lake and Jamestown, 
I have placed in tabular form for convenient comparison, showing 
( 1 and 2 ) the distances of the localities north and west from the 
mouth of the Big Sioux river at the southeast comer of South 
Dakota ; ( 3 ) depths of the wells ; ( 4 ) their pressure at the sur- 
face, wherever it has been obtainable, in pounds per square inch ; 
( 5 ) the corresponding hight or head to which the water would 
rise above the surface ; ( 6 ) the altitude, with reference to the sea 
level, of the source of the artesian water in the Dakota sand- 
stone ; ( 7 ) the altitude of the surface ; and ( 8 ) the hight of 
the computed head of water above the sea. 

The flow of water from the Dakota sandstone at Devil's Lake is 
found exactly at the sea level, but the top of the sandstone 
formation is 39 feet higher. At Jamestown the flow rises from a 
depth of 7G feet below the sea level, indicating that the top of the 
Dakota sandstone there sinks slightly lower than at Devil's Lake. 
Along the distance of eighty-five miles from north to south be- 
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tween tbese pointe, its level is probably nearly constant ; and 
borings at intervening towns, as New Rockford and Carrington, 
will doubtless find artesian water at or slightly below tlie aea level. 
Farther sooth, the top of the sandstone and its water supply are 
found throughout a large district of South Dakota and the south 
«dge of North Dakota at a plane 250 to 450 feet above the aea. 
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t Approximate altitude of high water of tho Missouri river at Fort 
Bandall. 
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Continuing still southward, from Woonsocket to the Missouri 
river, the water-bearing stratum rises to altitudes from 558 feet to^ 
818 feet above the sea, the hif^hest levels being at Meckling and 
Vermillion, the most southeastern localities of this list. 

The same southeastward ascent of the Dakota sandstone 
reaches to its outcrops on the southwest side of the Missouri in 
Dakota county, Nebraska, whence its name is derived, opposite to^ 
the southeast comer of South Dakota. There and at other exten- 
sive outcrops in Western Iowa and Eastern Nebraska, having ap- 
proximately the same elevations as the surface at Vermillion and 
Yankton, the water coursing through this sandstone finds outlet 
in springs ; and these avenues of discharge explain the gradual 
reduction in the altitude of the head of water above the sea level, 
as the series of wells is followed from north to south and from 
west to east Somewhat uniform altitudes of 1,619 to 1,743 feet 
are recorded as the hights to which water would rise in pipes for 
all the wells, where pressure is reported, from Jamestown ta 
Huron and Woonsocket, excepting those west of Huron, which 
will be considered later, and the well at Ashton, where the re- 
ported pressure is probabl}' erroneous, lacking 100 pounds or 
more of its true amount. At Hitchcock the head of water has a 
computed altitude of 1 , 748 feet above the sea ; eighteen miles to 
the south, at Huron, it is 1,()91 feet; twenty-two miles farther 
south, at Woonsocket, it is 1,()61 feet; and eighty-one miles still 
farther south, at Yankton, it is only 1,825 feet. 

Equally distinct j^radients of the plane of water head are found 
descending from west to east on and near the latitudes of Huron 
and Yankton. Thus at Ilighmore, sixty miles west of Huron, the 
head is 1,!U8 feet above the sea ; at Miller it has declined 73 feet 
in a distance of twent^'-two miles to the east ; and in the thirt}-- 
eight miles thence to Huron it falls 184 feet more. Between Fort 
Randall and Yankton, in a distance of sixty miles from west to- 
east, this plane descends at least 40 feet, but the descent is more 
if the well at Fort Randall is at a considerable hight above the 
Missouri river. In the next twenty-two miles eastward to Ver- 
million the descent is 140 feet. This feature of the artesian water 
supply is caused, as before stated, by its outlets through springs 
in outcrops of the Dakota sandstone, •which begin thirty to fort}' 
miles southeast of Vermillion and extend thence southeast and 
south. 



•if . 
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All the eastern outcrops of the Dakota sandstone are lower 
than the upper portions of tlie James river basin and the wells 
farther west at Highmoreand Harold. Tliese outcTops ' therefore 
cannot be the sources from which the sandstone receives its arte- 
sian water, but, as we have seen, they are the avenues of its nat- 
ural outflow. We must look instead to the western outerops of 
this formation, where it skirts the Black Hills and exposes its up- 
turned edges along the base of the Rocky Mountain ranges, for 
the areas upon which water i* carried dowuwanl into the sand- 
stone. Thence we know this stratum to ))e continuous beneath 
the plains to the James river valley, for there are no nearer nor 
other inlets from which the copious supply of the artesian wells 
can come. At a plane of similar or gre4ite»r depth an artesian 
reservoir exists beneath much, if not all, of the countr>' weat- 
ward to the mountains. The gradients of the altitudes to which 
the water of wells is capable of rising along east to west lines in 
South Dakota, as at Huron, Miller, and Highmore, are approxi- 
mately the same as the average westward ascent of the countrv, 
demonstrating this western origin of the water supply, and indi- 
cating that such wells may be obtained upon an extensive region 
of the arid plains. 

How far then can this artesian water be utilized for irrigation ? 
Will it be practicable to store the water in reser\'oirs for use in tiie 
season of growing crops, and especially during severe droughts 
like tliat which so reduced, or in some portions entirel}' cut off, tlie 
crops in North and South Dakota last year ? To this imiuiry we 
may reply by computing tlic amount of water nee<led for irrigat- 
ing a given space, as a quarter-section of IGO acres, the usual 
area of a homesteaiL Allowing a depth of twelve inches of 
water for this use during the growing season, the 3'ear's supply of 
water from a well flowing 100 gallons ix*r minute is retjuired. 
witliout allowanw Ixiing made for leakage or evai)oration from the 
reser>'oir. The Devil's Lake well would, therefore, irrijrate onlv 
(U acres, and the Jamestown well, flowing 875 gallons per minute 
will water less than a section one mile square. But each of these 
wells cost about $7,000, to which must be adde<l the cost of the 
construction of reservoirs and irrigating ditehes, placing the ex- 
pense of such water supply far beyond its prosiK»ctive value for 
onlinar}' agriculture. 
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An important objection, however, against the use of this water 
for irrigation seems to lie in its dissolved alkaline and saline mat- 
ter, which must be left in the soil. After continued use in irriga- 
tion during many years, the residuum from this water would quite 
certainly prove injurious to crops, so that the land would become 
worthless. Such results have attended irrigation with only very 
slightly alkaline water on the alluvial plains of the arid north- 
western provinces of India. The proportion of sulphate of soda 
in streams flowing down from the Himalayan range and in canals 
taking water from them varies from 9 to 43 parts in a million, 
and the proportion of common salt is from 0.23 to 15 parts ; yet 
under the diy climate of northwestern India the natural evapora- 
tion of so nearly pure water, and its use in irrigation, have caused 
extensive tracts of land formerly productive to become barren.* 

The analysis of the water of the Jamestown well, which doubt- 
less closely resembles that of all the wells obtaining their supply 
from the Dakota sandstone, is given b}' Prof. James A. Dodge, 
University of Minnesota, as follows : — 

Analf/sia of the mineral matter in the water of the artesian well at 

Jamestoicn, North DaJcota, 

Parts per milliou. Grains per gallon. 

Silica 35.7 2.0823 

Alumina 3. 5 .2041 

('arbonate ol iron 2.2 .1283 

Carbonate of lime 188.0 10.6743 

Sulphate of lime 240.0 14.5241 

Sulpliate of magnesia 1 54. 2 8. 9944 

Sulphate of so<la 1139.4 66.3602 

Sulphate of potash 81.5 4.7523 

Chloride of sodium 369. 1 21. 5296 

Pliosphates Traces 

Totals 2222.6 129.2490 

The quantities of alkaline matter and salt are sufficient to give 
the water a brackish taste, rendering it unpalatable for drinking 
and unfit for ordinary domestic uses ; but it is drunk freely by 
cattle and horses, with no unfavorable effects. These dissolved 
mineral ingredients seem to have been derived from the Cretaceous 
shales, and probably in part from beds in the Dakota formation, 
with which the water has been in contact during its slow percola- 

♦Medlicott and Blanford, Manual of the Geology of India, pp. 413-415. 
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tion hundreds of miles through the sandstone. They are the 
same in kind and similar in amount with the mineral matter of 
Dpvirs lake, concentrated by evaporation without outlet from tlie 
water of inflowing streams and springs, which bring very small 
amounts of these salts dissolved from the drift and Cretaceous 
shale of the adjoining country. 

Much shale, gravel and detritus, rich in sulphates, ai*e present 
in the glacial drift over neai'ly the entire Red river basin, and the 
percolating rain-water, found by the fresh ailesian wells in the 
drift of the southern and northern ends of the lied river vallcv, 
has acquired minute quantities of alkaline and saline matter. 
But where its proportion is large, as in the brackish watt^'r of the 
wells from Crookston and Blanchard northward to the edge of 
Manitoba, it seems impossible that so remarkable difference (ran 
be due to diversity in the material of the drift, or to longer time 
and better opportunity afforded to the water for such impregna- 
tion while percolating through porous beds or veins in the drift. 
The saline and alkaline artesian waters of the drift gravel and 
sand along this central portion of the Red river valley therofcn-e 
appear to be received mainh' from the same Dakota sandstone 
which supplies the deep wells of the James river valle}-. 

Several wells in the vicinity of Blanchard and Mayvillc. :>75 
to 404 feet in depth, pass through the drift and enter a very line 
white sandstone, probably the Dakota formation, from which they 
obtain flows of brackish water. About a dozen miles east of 
Blanchard the drift was found to htive a total thickness of 31 (> 
feet, below which a boring went 107 feet into exceedingly fnie 
. white sandstone, finding, however, no artesian water, apparently 
because of the very close texture of the rock. The top of the 
sandstone in these wells is (>5ri to 575 feet above the sea. If it is 
tlie Dakota sandstone, as seems probable, it has an ascent of 
about 000 feet in 75 miles east from the mend*!an of Devil's Lake 
and Jamestown, rising in its approach toward the Silurian. Cam- 
brian, and Arcluean areas of Minnesota and Manitoba. It may 
be thus the be<l-r<x;k, on which the drift is deposited, beneath ex- 
tensive tracts in the mi<ldle part and on the western border of the 
Red river valley, discharging there its alkaline and salim* artesian 
water into the permeable beds of gravel and sand in the drift 
sheet, whence it rises in the brackish wells of that district. 
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Besides the classes or groups of artesian wells thus far con- 
sidenni, there remain to 1^ mentioned numerous shallow flowing 
wells, fixmi 20 to KiS feet deep, in the drift of the Vermillion 
river b:isiu in Soutli Dakota, reported by Prof. G. E. Culver, and 
two iUh»p artt*8ian wells in North Dakota at Tower City and Graf- 
ton. Tlie wells in tiie vicinity of the Vermillion river are on an 
an»a unmarkiHl hy grand cH)ntrasts of elevation, though toward the 
north and northeast the surface gradually rises in the Coteau des 
Prairies. They stHMU to be comparable vsith the plentiful flowing 
%\eUs or fountains along the Maple river in Blue Earth and Fari- 
bault ^^Mlnties, Minnesota. 

The Tower City well, fifty miles east of Jamestown, is four feet 
lower lliau the dejK)t, being 1, 108 feet al)ove the sea. Its depth 
j^ t»TO f\M»t, tiux)Ugh drift, IG3 feet; Cretaceous shales, with occa- 
MioMid lHMlsi»f Handstone, 502 feet ; and (juicksand, into which the 
U»riiiU atlvantvd onlv 5 feet. Salt}' and alkaline water outflows 
!»\ v.Jillous piM' niinuU^, and is capable of rising 33 feet al)ove the 
MUiI'Mre The scanty How and, low head of this well suggest that 
\\\\^ wwWv bearing stratum may be enclosed within the Fort Benton 
Nh}»U'»* . bul its altitude, 500 feet above the sea level, accords with 
(liMl i»l' the s.'uidstone reached by wells at Blanchard and Mayville, 
ai I hid iiune probably it is the top of the Dakota formation. 
The plane of the head of water supplied fitmi this formation 
^Mlul«l mIuiw m marked descent northeastwaixl, as is thus indicated 
,il ^ll\^e^ CilN, and in less degree at Devil's Lake, in comparis<m 
with .linneMl^iwu and Kllendale, if there are abundant natural out- 
1,-1 1 Mj lliJM lulesiau water along the Red river valley, as apj)eai*s 
1,1 he hue, hs springs rising thn^ugh the drift. These brackish 
..iMliiei •MiMir on many of the streams tributary to the Red river 
ImiIIi in \ I Mill hakota and Minnesota, the most remarkable being 
,iii I'mm-.i anil Park rivei*s. whieh therefoiv were formerly called 
il,(. Ml" Mild Lilllc Salt rivei^. 

\\ (.lal'lnn. in the Red river valley on the Park river, the arte- 
.,i„ii ^M'll. 'r.'.» feel above the sea, is 015 feet deep, going through 
^ I , iiiiii :!!is feel ; ^2 ^ limestone, apparently the Lower Mag- 
, I, .1.111 l..iiiiMlnin «»f the Cambrian series in southern Minnesota. 
j ,j I, , I I :; ) wliiit' .sandstone, referred to the Jordan formation 
^,, ,1,. .,,111- f.iMir.. tJ5 feet, yielding a eopious flow of braekish 
^^,,,,, , II i,',Mi-,h. Mne, and gray shales, with some arenaei^ous 
^,^ ,1,. ih .Mill dol.»mitie beds, representing the Saint Lawrence 
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tion him(lre<ls of miles through the sandstone. They are the 
same in kind and similar in amount with the mineral matter of 
Dpvirs lake, concentrated by evaporation witliout outlet from the 
water of inflowing streams and springs, which bring very small 
amounts of these salts dissolved from the drift and Cretaceous 
shale of the adjoining country. 

Much shale, gravel and detritus, rich in sulphates, are present 
in the glacial drift over nearly the entire Red river basin, and the 
percolating rain-water, found by the fresh ai1;esian wells in the 
drift of the southern and northern ends of the Red river vallev, 
has acquired minute quantities of alkaline and saline matter. 
But where its proportion is large, as in the brackish water of the 
wells from Crookston and Blanchard northward to the edge of 
Manitoba, it seems impossible that so remarkable diflference can 
be due to diversity in the material of the drift, or to longer time 
and better opportunity aflforded to the water for such impregna- 
tion while percolating through porous beds or veins in tlie drift. 
The saline and alkaline artesian waters of the drift gravel and 
sand along this central portion of the Red river valley therefore 
appear to be received mainly from the same Dakota san<lstono 
which supplies the deep wells of the James river valley. 

Several wells in the vicinity of Blanchard and Mayville, 375 
to 404 feet in depth, pass through the drift and enter a very line 
white sandstone, probably the Dakota formation, from which they 
obtain flows of brackish water. About a dozen miles east of 
Blanchard the drift was found to have a total thickness of 310 
feet, below which a boring went 107 feet into exceedingly fine 
. white sandstone, finding, however, no artesian water, apparently 
because of the very close texture of the rock. The top of the 
sandstone in these wells is 650 to 575 feet above the sea. If it is 
the Dakota sandstone, as seems probable, it luis an ascent of 
about 000 feet in 75 miles east fi*om the meridian of Devil's Lake 
and Jamestown, rising in its approach toward the Silurian, Cam- 
brian, and Archaean areas of Minnesotji and 3Ianitoba. Tt may 
be thus the bed-rock, on which the drift is deposited, IxMieath ex- 
tensive tracts in the middle part and on the western border of the 
Red river valley, discharging there its alkaline and saline artesian 
water into the permeal)le beds of gravel and sand in the drift 
sheet, whence it rises in the brackish wells of that district. 
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ally. We do not know of it so far, in Estlionia, nor in Scandi- 
navia. It may however be found there and in the British Isles, 
in Bohemia and the southern part of Europe. 

TI. The next formation or SchmUltiu zone is in Russia, Scandi- 
navia, the British Isles, and Bohemia. But outside of Esthonia 
it is only on strntigraphical principles ; round Revel only a fauna 
has l>een discovered below the Holmia zone. So far we have nine 
species ; one trilobite — Schmidt ia mickwitzi, the oldest in the world, 
five f onns of very low and imperfect brachiopoda, a problematic 
form called Voihorthelhtj one Cystidee and one Mednsifeft, Cer- 
tainly a very meagre representative fauna of all the forms of 
marine animals which developed rapidly during the Middle Taconic 
l>eriod. 

The only formation, in the Nevado-Canadian sea, which may 
belong to the Esthonian or Schmidt ui zone, is the Chuar formation 
of tlie grand Cafion of Colorado, where three doubtful forms of 
marine animals have been signalized. It may be that those few 
and badly preserved forms belong to a higher horizon, and tliat 
they may be classified finally in the Middle Taconic. But it is 
more prudent to let the Chuar formation into the Lower Taconic, 
for the present, and to regard it as representing in part, if not 
wholly, the infra- Primordial fauna strata. 

III. The true Primordial fauna or Middle Taconic system be- 
gins with the Holmia zone or Scandluavian formation. At first 
that fonnation was considered in Scandinavia and in Newfound- 
land, as the lower part of the Paradoxides zone, to which it is 
closely allied b}' most intimate relations, stratigraphic as well as 
paleontologic. Although not so important in thickness, as the 
succeeding formation of the great Pannioxides zone, and not so 
rich in regaixl to the number of fossils and paleontologic 8ul>- 
horizons, it posseses a well defined fauna of the greatest import- 
ance, on account of its forms, which fore-run and shadow forth 
the development of the whole primordial fauna discovei^ed and 
created by the researches of Dr. Kmmons and Joachim Barrande 
in 1844 and 1840.* 

( » ) The discovery of the Taconic system with Its special primordial 
fauna antedates the Cambrian system, as it is now put forward by Eng- 
lish geologists, by eipjhteen years — 1802 being the year of Salter's dis- 
covery of the primordial fauna In 8itu at St. David. Sedgwick did not 
find any fossils in the strata of the lower part of his primitive Cambrian, 
whicli remalJKid in a state of complete confusion until Salter's re- 
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Its separation from the Paradox ides zone, made by the Scandi- 
navian geologists, is well justified and is a good move in the classi- 
fication. The names proposed are in harmony with tlie whole 
scheme of nomenclature used in geology, and recall the country 
where it was first discovered and the most characteristic form' of 
fossil contained in it : Scandinavian formation, or Uolmla zone. 

Lately an unfortunate confusion has arisen from a too hasty 
identification of generic forms, which are widely separated ; and 
the consequent parallelism and equivalency of the great Georgian 
formation or EUiptocephalus ( OlnieUus ) zone with the Scandinavian 
formation, or Uohnla { Paradox idt^s-OI entlluH) zon^ is an error 
to be regretted, on account of the great publicitj- it has received, 
too hastily, at the International Congress of Geologists, Loudon, 
in 1888. 

Until now the Scandinavian fonnation has been found onlv at 
four localities in Scandina^^a, two being near one another north 
of Christiania ; and another one found in Lapland has not yet been 
described. In England, its existence has been signalized by pro- 
fessor Lapworth at one single locality, and in Newfoundland, 
since 1868, it is known in Conception bay. In all six outcrops of 
the Scandinavian formation fauna are actually known. 

The number of fossils found, described or simpl}^ signalized is 
about fort}' species with a certain number of varieties. Thirteen 
species are actually known in Scandinavia ; very likely three or 
four more species will soon be added by Dr. Holm when he has 

searches, and he had no Idea that there were two distinct systems in- 
closed in it. The confusion he ina<le was cleared out first by Dr. Em- 
mons In America, and afterward by iiarrande in Europe ; both of whom 
showed that below the fossiliferous strata found and described by Sedg- 
wick, there was a great system of strata containing an older and special 
fauna, entirely unknown to Sedj?wick and Murchison. 

The Cambrian of Sedgwick, by all rules of priority and classificatimi 
according to great faunao, is confined to the second fauna, which, 
inirabile dlctu. Is called, by the actual geologists of the British empire, 
Ordovlcian by the Cambridge school, and Lower SllurUui by the school of 
the Geological survey of England. The name C1iarnplnlii given by Dr. 
Emmons, as far back as 184:J to the second fauna system, ant<Mlates 
Ordovlcian by thirty-seven years ; and so long as the PInglish geologists 
maintain their present classification against all right of* priority, it is 
important for American geologists to use their national classi Heat ion of 
Taconic system and Champlain system, for the strata containing the 
primordial and the second faunas. Instead of Cambrian system for the 
primordial fauna and of Ordovlcian systeju for the second fauna, two 
names entirely unadapted to fulfill the rules used in geology for classifi- 
cation and nomenclature. ( See for all the exact dates, my pap<T : "'On 
the use of the name Taconic " in Proceed. BosUm i>oc. Nat. Hl«t., vol. 
XXllI, p. 343, March, 1887). 
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published his materials collected in southern Lapland. We have 
only four sj^ecies in England, thus making about twenty species for 
the Scandinavian formation of Kuroi)e. In Newfoundland we 
have also al)out twenty si>ecies. Total 40 species. 

The trilobiti*s are the most conspicuous forms in that fauna, 
some of them, like the genus Hohnia attaining the dimensions of 
a moderate sized Fnnnhtjcides. The relations of the genus IIol- 
77n\i to Paradox iilf's and Enijtfocephahts ( Olenellu^) has been very 
well pointed out and characterized by Dr. Holm. Brachiopods of 
vcrv low forms and organization are found with a certain numl)er 
of pteropods. 

On the whole, the fauna of the Scandinavian foimation does 

not yield much evidence in favor of the theorists on the origin 

' and descent of species. So far the results are negative, as has 

been maintained with great force b}* the greatest of all the 

paleozoic paleontologists. M. Joachim Barrande. 

IV. The great PuruilnxidvH zone or Bohemian formation ap- 
pears in more numerous patches and more widely scattered than 
the three preceding formations. As a consecjuence its fauna is 
nuK-h more developed than any of the previous ones, for all three 
of those number onlv about fiftv species, while the Paradoxuies 
zone fauna reaches al)out 270 species for the de^josits of the 
Acadio-Russian sea, and of that nunil>er thirty belong to the 
gieat genus of Paradimidm. 

\\\ the Nevu(lf)-Canadian sea, the homotaxical fauna of the Bo- 
hemian formation, numbers alread}' more than one hundred species, 
five or six of which represent the Paradox id t-a, under the fonn of 
a very closely allied genus, the ElliptocvphaliiH ( OJenelhts ). 

On the whole, the faunas of the Paradaxidfs and Efh'ptocejdialatt 
( ObnuJIas) zones, which are in the main con temporaries and homo- 
t:ixical, are composed of almost 400 species of marine fossils ; a 
considerable increase on the preceding faunas of the Scandinavian, 
Esthonian and Xewfoundlandian formations. 

As Barrande foreshadowed and announced forty years f^o, the 
trilobite is the dominant family, and the most common forms of 
them revolve round the l*aradoxidean tyi)e, as well in the Lower 
Taconic as in the ^liddlo Taconic*. 

The following tables give a resume of the parallelism of tliefour 
formations undiu* eonsideratiou. and their equivalents in Europe 
and in North America. 
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Table IV.— Synchronism of the formations in the Aca- 
dio-Russlan and Nevado-Canadlan Seas. 



Ai!BdloSusslan Arena. I Ca^nadian Are 



Kcvadfan Area. 



IV. Uporgia 
tloii. The lower part 
wants more study bp- 
wecaD know if It 
[g tho exact bomotarl' 
■ftl faunaof the whole 
Puradoxides : 



Georgia foriua- 
Id British Co- 
lumbia it seems more 
developed and rapre- 

there the whole 
Paradox Ides zone. 



III. and 11. 
Albans and Granular 
r t z formations 
to be explored 
and studind carcfullr 
beforfl any correla- 
tion and synchronism 
atteinpt(>d with the 
lloltnla and Schmldtli 



III. Unknown paleon- 

tologivally. 



II. Grand Canon of 

Colorado ; small 

fauna referrL-d with 

doubt to the Estboni- 

formatlon. 



Unknown paleon- 
tologieally, but repre- 
sented strati graphic- 
ally In the Grand 
Cunon. the Wasatch 
and Castle mountain. 

Tlie Physical Sketch map of the Lower and Middle Taconic 
[Mtiiod, accomptinying this paper,* shows at u glance the supposed 
awA conJecture<l UrrufirmaMiiX the seas, for the north temperate or 
neutral zone of about one-balf of tlic northern ht^mJspbere. Many 
vcars ago, in 1 860, 1 trieti to give a reconetruction of the lands and 
seas, as tliey existed during the Jurassic periftd, in my ■' Lettres 
siir les roches dii Juni ot Icur Wistribution gtiographiquc dans les 
deux liemisplicres ", addressed to my much regretted friend, the 
late Albert Oppel, It was a Isold attempt with very scanty ma- 
terial at my disposal. 

However, as imperfect and conjectural as it was, it contained 
tlie first germ of geographical distribution by Homozoic bands and 
provinces in geological times, and opened a path which has been 
followed since, with more success, by several of my young con- 
temiwraries, notably by Messrs. Xeiimayr, Mojsisovics and Niti- 
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kin for the Jura and the Trias periods. Mr. Edward Hull, the 
learned director of the Geological Survey of Ireland, has made 
researches in the same field, but on a more limited area. Mr. 
Hull has given a series of very interesting paleo-geological and 
geographical maps of the British Islands and the adjoining parts 
of the continent of Europe. And finally, the important memoir 
of Director A. Karpinski of the Geological Survey of Russia, on 
the physical geography in geological times of Kussia in Europe, 
should be mentioned. I shall say only a few words in regard to 
the theory put forward many years ago, of the permanency of the 
continents and oceans, which is still advocated by a few geolo- 
gists, t — ^generally only theroists — and which is strongly- sup- 
ported by zoologists. Partisans or adversaries of the evolution 
of species want the permanence of the continents and oceans, to 
sustain their views, however conflicting they may be, and they do 
not hesitate to maintain as a creed that with slight changes only 
the oceans and the terra fimut. have always presentetl the same 
geographical distribution as now. It is simply a wrong generali- 
zation from the facts, which every practical geologist readily ac- 
cepts : that is to say, that some part of the terra fir ma has al- 

fProfessor .Tamos Geikio in a paper entitled : ** The evohition of <'li- 
niate/' with maps, just issut^d as a reprint from the Scottish Ocftgrayhi- 
cal Magazine for February, i890, says at p. 21: *'Hut, although the 
boundaries of the land masses shown upon the maps referred to are thus 
confessedly provisional, the maps nevertheless bring out the main fact of 
a gradual growth and consolidation of tlic; land-areas — a passage from 
Insular to continental conditions. I need hardly say this is no novel 
idea. It was clearly sf»t forth by professor Dana upwards of forty years 
ago (S«7irmm> Jownwii, 184(5, p. 352; 1847, pp. 170, 381 ), and it re- 
ceived sojie years later further Illustration from professor IJuyot, who 
insisted upon the Intailar character of the climate during paleozoic 
times (The EarUi and ^fany 1850)." 

The idea of a gradual growth of the land-areas — a passage from In- 
sular to continental conditions did not originate with professor Dana or 
professor Guyot, who only applied it many years after its publication, 
in France, by Elie de Beaumont, who is the true originator of the idea. 
Elie de Beaumont was In tlie habit of showing such nuips and used 
them, in his lectures on practl(!al g(;ology, at both the College de France 
and the School of Mines In Paris, as far back as 1830. Professor Beu- 
dant, with the permission of Eli(5 de Beaumont, has published three of 
those maps for the Jurassic, Cretaceous and Tertiary seas in his Cfnirs 
Elementaire de Oeoloijic pp. 237, 241, and 243, 1S41 : and professor Carl 
Vogtln his Leh7'buch de Ocolofjle und Pctrefactenkiuidc, lK4r), based en- 
tirely on the lectures of Elie de Beaumont during 1844-40, as he ex- 
pressly says In his Introduction, gives at the end of his manual, four 
large maps of the Carboniferous, Jurassic, Cretaceous and Tertiary seas. 
So the ** novel Idea'' Is due to Elie de Beaumont ; and Its publication 
was made first by Beudant in 1841, and afterward by Carl Vogt in 1845, 
several years before Dana's and Guyot's publications. 
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ways been clrv land and was never covered bv salt water and con- 
sequently b\' sedimcutar}^ marine deposits. The number of sueh 
areas is very limited, and more so than appears from a first 
glimpse at the ** Geological Map of the World*'; for dislocations 
on an enormous scale liave brought to light great masses of 
crystalline rocks which were concealed under strata during cer- 
tain periods of the earth's history ; it is not safe, for instance, to 
conclude from the existence of the great masses of cr^'stalline 
rocks of the Alps, or Himalaj^a, or Rocky mountains, that those 
regions were always out of the seas and formed dry lands. Struct- 
ural and orographic geology must be always consulted and ap- 
plied, before reaching conclusions. And any one who has studied 
carefully any part of the earth, where crj-stalline rocks exist, 
would hesitate more than once, before sajing such part of the 
crystiiUine or primitive rocks has been and remained out of the 
reach of sea water, and has never been covered by sediments of 
any sort, except from the aerial decomposition of the crystalline 
rocks. That such areas exist, it is certain, among the great 
masses of primitive rocks which cover great surfaces ; such, for 
instance, as the great Scandinavian peninsula and its adjunct 
Finland, and also some parts of Labrador and even New England. 
But the}' are only isolated patc*hes scattered, without connection, 
all over the actual land areas of the world. 

As to permanency of the oceans, it is also true that some 
spots have remained constantly under sea water, and as the seas 
cover two-thirds of the earth's surface, it must be expected that 
isolated patches of pennanent sea covering, should be more 
numerous and larger than the patches of j)ermanent dry hind. 
One thing is certain, that not one of those patches is large enough 
to form a sea, though very limited, like the White sea or the Bal- 
tic sea ; and no patches of land of the primitive outcroi>8 consti- 
tute now a continent such as Australia, or even an island as large 
as New Zealand, Celebes, or England. 

To try a reconstruction of the land and sea during the Taconic 
period is an extremely difficult task ; because the more we descend 
into remote age in the geological chronology, the more we are re- 
duced to fragmentar}' and scattered documents not easy to de- 
cipher. It is verj' bold in me to present such an essay, but I 
hope it will be regarded as a most informal sketch, extremely 
crude and rather too hypothetical, but after all an attempt at co- 
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ortUnation of facts scattered over one-half the northern hemi- 
sphere and which need some sort of bond to consolidate what 
has already been acquired, by the isolated eflforts of fifty or 
more practical geologists from St. Petersburg to Prague, 3Iad- 
rid, St. David, St. Johns, Cambridge, Williamstown and Eureka 
city. 

The Acadio-Kussian se^i, was bordered on the north by a Ta- 
conic continent running from the vicinity of Revel (Ksthonia), 
to Lapland, Scotland, Ireland, Labrador and the northwest terri- 
tory of the Canada Dominion. On the east, was an extensive 
peninsula, starting somewhere near St. Petersburg and extending 
between Scania and the Basin of Bohemia, as far west as Corn- 
wall and French Brittany and probably a little farther west. 
Then a sort of Mediterranean area covered by the Acadio-Russian 
sea, connected Bohemia, France, the Iberian peninsula and tl^ 
island of Sardinia. South of it, the Taconic continent was 
formed, very likely, by the whole region of the Barbary states, 
the Great Sahara desert and the Guinea coast. There seems to 
have been a sea between Africa and South America. 

A narrow and very extended isthmus, connecteil the North Ta- 
conic continent with the South Taconic continent, from Labrador, 
east of the Straits of Belle Isle, descending to Nova Scotia, the 
White mountains of New England, Boston, eastern Virginia, 
Georgia, and expanding under the form of a great continent, 
which occupied the whole region of the West Indies, Centi-al 
America, Venezuela, Guiana, Colum])ia, southern Mexico and ex- 
tending some distance into the actual tropical Pacific ocean. 

West of the great isthmus just spoken of, and inclosed on 
three sides by dry lands, we have tlie Nevado-Canadiau sea, with 
its opening west and its extension into the Pacific ocean of that 
time. 

All the outcrops of Lower and Middle Taconia with their spe- 
cial faunas, exist in a single band, which can be called the North 
Neutral Homozoic band of the Taconic period. In it we have in 
the two seas, tliree provinces of marine animals for each sea ; 
which seems very distinct and appropriate. Beginning at the east 
side, we have first ( alpha ) the Scania- Wales province, comprising 
all tlie part of the Acadio-Russian sea, which extends between 
Russia and England ; then ( beta) the Asterio-Bohemia province, 
comprising Bohemia, France, Spain and Sardinia ; and finally (delta) 



232 The American Geologist. Oct. i89o 

the Newfoundland-Massachusetts proTince. comprising south- 
eastern Newfoundland, New Brunswick and Braintree. Each one 
of these pro\inces is characterized by special fossils, some pass 
ing from one province to another ; but so far the common species 
are very few. 

In the Nevado-Canadian sea, we have also three different prov 
inces of marine animals. The (epsilon) Belle Isle strait — Bald mouu 
tain province, comprising the straits of Belle Isle. Canada bay 
the whole Gulf of St. Lawrence region, Quel)ec, Vermont, easten 
New York, and farther south. The primitive and original area o 
the Taconic system with the Taconic range of momitains and th< 
spot where Dr. Kmmons discovered the primordial fauna, are en 
closed in that province. The (gamma) Eureka-Utah province, com 
prises the state of Nevada, the territory of Utah, and the Granc 
gallon of the Colorado. Finally the ( pi ) Castle Mountain prov 
ince of British Columbia, comprises all the areas north of th< 
preceding province. All these three provinces of the Nevado 
Canadian sea are connected b}' similar forms of fossils and als< 
by a few common species. 

Until now, we have no indications of the Taconic faunas exist 
ing ill the Central and Polar Homozoic bands. It is reserxed t< 
future discoveries, for to this day no primortlial faunitic horizon: 
are known in either the Central Homozoic band, or Polar Homozoi< 
band. Only an indication exists of a primonlial fauna in th< 
South Neutral Homozoic band in South America. But when wt 
remember that in 1844, when Dr. Emmous made his first diseov 
cry of a special and older fauna, called since primordial by Bar 
rande, absolutely nothing was known of those immense periods o 
time which, appropriately, he called Taconic. and that in les: 
than half a century, we have already recognized and descrilxH 
more than six hundred marine si>ecies, distributed in six prov 
inces of the North Neutral Homozoic band, for only the two ol<l 
est parts of the Taconic perio<i — not speaking for the present o: 
the Upper Taconic time — then we may fairly hope a greater ex 
tension of our knowledge all over the world during the next halJ 
century ; and that tlie first centennial aniiiversarv of Emmons 
great discovery and Ban^ande's great creation of the primonlial 
fauna, will l)e celebrated with materials collected from Cape Iloni 
to tlie Arctic archipelago, and from Newfoundland to Kamt- 
rtchatka, Tasmania, the Cape of (rood Ho^m? and Central Africa. 
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and will Ijc sufficient to allow geologists to give then, a first well 
based generalization on what was our glol>e zoologically, as well 
as pln'sically. during those far remote Taconic times. 
Canihndgt*, Mass., March, 1890. 



ON THE CHEYENNE SANDSTONE AND THE NEO- 

COMI AN SHALES OF KANSAS. 

By F. W. CaxQiN, Topeka, Kansas. 

[This article was originally prepared as a contribution to the November ( 1889 ) 
incetuie: of the Kansas Academy of Science, but was afterwards withheld from 
tlx* Academy's Transactions for the puriiose of incorporatinff additional data, 
and \t-as published in the BuHe.tin <»f the Washburn College Laboratory, No. 11 
<dat<Ml March, 181)0, but not issued till April 3). 

It is believud to Ite of suflicient interest to entitle it to a wider rcadinjir than it 
can have through the medium of a local Bnlletin^ and it is liere reprocluced with 
a few slight changes, but essentially as it was published in the Bulletin.] 

Resting unconformably upon the fine-grained brick-red deposits 
of the Triassic of soutlieni Kansas, in ptirts of Barber, Pratt, 
Kiowa, and Comanche counties, on the upper drainage of the 
Medicine Lotigc river and on Mule creek, may ))e seen a stmtum 
of friable, false-bedded, littoral sandstone, attaining locally a 
thickness of forty feet. It is ordinaril}' rather coarse-grained, 
sometimes gravelly ; in a few localities exceedingly fine. Its 
slight but variable coherency imparts to it a rugged relief. In- 
deed, the outcrop of this rock offers more variety of form and 
color than that of any other formation in southern Kansas, 
though its features are on a smaller scale than that seen in the 
Gypsum Ilill Permian of Barl>er county. 

Two or three " Hell's Half Acres," mere skeletons of the orig- 
inal stratum ; the •• Natural Corral," in the southeast comer of 
Kiowa count}' ; the '' Natural Well," in Comanche county, near 
Mule creek ; Osage Rock, a prominent i>oint of rocks opposite the 
\ilhige of Belvidere ; and numerous named and unnamed chim- 
ne\'-rocks, castles, forts, and gulches — some of them gail}' dec- 
orated with 9\x)ta and stripes of purple, crimson, scarlet, and 
brown, but of prevailing yellow, gray, and whitish shades — are 
chanicteristic features in the relief of its outcrop. 

The dip is to the southeast 

While this sandstone seems to be closel}' related to the Potomac 
and Tuscaloosa divisions of the Atlantic states, to the Trinity 
division of Texas and Arkansas, and to the Atlantosaunis lx?ds of 
W3'omiug and Colorado, it would be premature to assert iwsitively, 
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at this time, the precise identity of any two of these. Incom- 
plete geographic and stratigraphic data suggest a probabilit}' that 
the above described sandstone represents a portion of the Trinity 
division ; but reference of it to the Trinity division in any way, 
until the Indian Territory' interval has been explored, is of course 
merely a supposition, however probable. 

The fauna of the Trinity division, according to Prof. Hill, is 
Purbeck-Wealden in its affinities, but according to Prof. Marcou, 
it is referable to the upper Jurassic. That of the sandstone under 
consideration is wholly unknown. The one genus known to be- 
long to the flora of the latter, ranges from the Purl^eck to the ui>- 
per Neocomiau, but the species is most like those of the Purbeck. 

In default of precise knowledge as to the stratigraphic and 
palaeontologic equivalency of this sandstone, it will be expedient 
to know it, for the present, by a local name. I designate it, 
therefore, as the Cheyenne sandstone. This name was suggested 
(see Bui. WaMmrti Coll, Lab. Nat. Illst.^ No. 11, p. 70) in 
allusion to the prominent point of rocks above mentioned as 
<* Osage Rock," which has been called b}' some, **the Che\'enne 
Rock," and which belongs to the stratum under discussion, is 
easily accessible by way of the Melvane Extension of the C. K. 
& W. Railway, and boasts historical prestige as an Indian battle- 
ground. It appears, however, that the name, '< Osage Rock," is 
now far more generally used, the Osages having been the victors 
in the latest battle. The name ** Cheyenne," so far as based upon 
the supposed name of the Bclvidere point of rocks, is therefore 
not the most appropriate. But as it was proposed for a tempor- 
ary purpose only and is probably destined to become a synonym, 
it seems needless to change it ; and I would here propose it anew, 
in allusion to the fact that the Cheyenne Indians frequently 
ranged over the district in which this sandstone occurs. 

The only fossils of the Cheyenne sandstone thus far discovered 
are closely related to those of the ** Purbeck Dirt-beds " of Eng- 
land, the most important being a portion of the stump of a cycad 
of the genus Cy cad o idea (^MauteUia). The species, which is ap- 
parently distinct from any of the several known forms from the 
old world upper Jurassic and lower Cretaceous, w^as described in 
December, 1889, in the Bulletin of the Washburn College 
Laboratory of Natui-al History (Vol II. , p. 65 )t under the name, 

t*' Contributions to the Paheontology of the Plains. — No. 1." 
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CycachMea muntta. The tyi)o-specimen indicates a stump a foot 
in diameter and of alx)ut the same or a little greater hight, and 
of ))roadly ovate outline in side-view. The false-bark, which 
seems to have been more or less readily separable from the wood, 
had a thickness of 3.25 to 3.75 inches in the region of greatest 
horizontal diameter of the stump, diminishing to 2. 25 inches or 
less in the upper portion. The rhomboidal markings on the ex- 
terior of the false-bark measured 1 to 1.5 inches by .6 to .8 inch 
( for the ipost part about 1. 25 inches for the horizontal dimension). 
The species is thus intermediate in its characters between C. 
megalophylla and C, microphylla. For an account of the char- 
acter of the inner portion of the leaf -stalk, and for other details, 
the above-cited reference may be consulted. 

The Maryland cycad announced by Mr. T, P. Tyson in 1860t 
was, as I am informed, taken from the formation now known as 
the Potomac Division. A photograph, for the use of which I am 
indel)ted to Mr. Jules Marcou, representing this cycad with an ex- 
tended two-foot rule beside it, and thus providing for accurate 
comparison with the Kansas specimen, indicates^ the probable 
specific identity of the Potomac cycad with the latter. 

Occurring abundantly in the Cheyenne sandstone are silicified 
logs belonging to trees of the coniferous sort, but of genera as 
yet undetermined. They are presumably allied to those which are 
associated with Cycmloklea in the Purbeck and Neocomian of 
England. One of these logs was traced by the writer from the 
loose sand of a ravine into the solid sandstone and for a length of 
forty-five feet, which included neither stump nor tree-top, the 
smaller end having a thickness of thirteen inches. It is to this 
sandstone that the ordinary petrified logs seen in door-3'ards, and 
in use sometimes as hitching-posts in the Sun City and Belvidere 
district, belong. 

Seams of lignite and fragments of soft, charcoal-like, bitumin- 
ized wood occur in the Chevenne sandstone in some localities. 
Careful study of these may lead to further light on the plant-life 
of Kansas in Jura-crctacic times. 

The false-bedded structure, the drifted logs and cycads, and the 
bands of lignite all testify that this sandstone was det)osited in 
littoral waters. 

JFIrst Report of Maryland, pagi* 43, January, 1860. 
jSoe Bui. Washb. Coll. Lab. Nat. Hist. No. 10, p. 66. 
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The Cheyenne sandstone is for the most part overlaid with the 
Neocomian shales, or immediately with the shell-conglomerate 
( No. 5 of Belvidere section ) ; but in a few localities the shaleB 
and more or less of the sandstone itself have been eroded, so that 
what remains is covered witli fluviatile Quatemar}' and recent 
tains deposits. On some of the valley slopes of Soldier creek, 
near the east line of Kiowa county, ledges of Cheyenne sandstone 
may be seen overlaid with calcareous marl, sand, and gravel. 
That the latter is disintegrated Loup Fork conglomerate, is shown 
by the traces of incrustation with characteristic Loup Fork cement. 
In the Comanche count)' ** Natural Well " above-mentioned, the 
Cheyenne stratum forms a considerable part of the wall and is 
found beneath recent alluvial. 

Of the extent of the Cheyenne division beyond the limits of 
the four counties above mentioned, little can now be said, aside 
from speculations as to its equivalency to the Potomac and Trin- 
ity divisions. It seems to be lacking in Clark county, where 
Neocomian shell-conglomerates and shales, similar to those which 
overlie the Cheyenne sandstone on the Medicine Lodge river, rest 
directly upon the Red-ljeds. It probabl}' reached at least as far 
east as the west line of Harper county originally, near which line, 
though in Barl)er county, fragments of the fossils of this sand- 
stone and of the more recent Neocomian shell-conglomerates oc- 
cur as inclusions in the Loup Fork Tertiary conglomerate. Cer- 
tiiin sandstones and mottled white and deep purple-red claj^s, asso- 
ciated with the black shale and lignite, resting upon the Permian, 
and overlaid b}' strata containing characteristic fossils of No. 3 of 
the Belvidere section, which outcrop on the western border of 
McPherson county, near Windom, are probably the equivalents of 
Cheyenne sandstone in that region. 

I first examined the Che^'enne sandstone al)out the first of Jan- 
uary, 1885, and partial!}' described it in April of the same year 
in my *» Notes on the (reology of Southern Kansas " ( Bnl. Wash. 
CoU. Lab. Nat. Hist. No. 3, p. 90),* but I at that time quite 

*The following is the description referred to, in connection with a stlU 
briefer description of the shales discussed in the latter part of the 
present paper; it is of interest as that of one of the remarkable color- 
displays so common in tlie Cheyenne sandstone and as the earliest printed 
reference Xjo the leading features of the Cheyenne and Comanche divi- 
sions in Kansas : ** A locality a few miles southwest of Sun City, locally 
known as the 'Black Hill/ affords an easily recognized horizon for ref- 
erence in any studies that may be made of the neighboring formations. 
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misunderstood the stratigraphic relations of that region, and re- 
ferred tliis sandstone to the Benton. It was subsequent!}' 
visited by Mr. Robert Hay, who referred it to the Dakota ( Tran. 
Kan. Ac. Sci. X, 22). Still later, it was reeonnoitered b}' Prof. 
Orestes St. John, who likewise referred it to the Dakota (Fifth 
Bienn. Rep. Kan. State Bd. Agr., Part II, p. 143). Since the 
fall of 1884, I have had frecjuent opportunity of studying the 
region in which the Cheyenne division occurs, and some prelimi- 
nary results of that study were published in No. 9 of the Wash- 
bum College Bulletin^ under the title « ' Geological Notes on the 
region south of the Great Bend of the Arkansas River." In that 
article ( p. 35 ) I have briefly redescribed the Cheyenne sandstone 
and placed it, in my Belvidere section, at the base of a series of 
shales which I provisionally referred to the Comanche series. 
Though at that writing I suspected its identit}^ with the Dinosaur 
sand ( later called Trinity division ) of Prof. Hill, I contented 
myself with pointing out the probable age of the overlying shales 
and giving a section showing the relations of the sandstone to the 
latter. On receiving my paper. Prof. Hill expressed his belief 
that the sandstone in question was pmbabl}^ referable to his Trin- 
ity division (Ann. Rep. Ark. Geol. Surv. for 1888, II, 115). 
The data which the writer has acquired touching the Cheyenne 
sandstone tend to confirm this opinion and the suggestion also 
made by Prof. Hill {op, cif., p. 179 ) that the Trinity division is 
allied to the Potomac. Indeeil, if the Cheyenne sandstone be re- 
ferred to the Trinity division, the discovery of Purbeckian cycads 
in the Cheyenne, in connection with the previously reported occur- 
rence of the same in the Potomac, adds a strong link to the chain 
of evidence associating the Trinity division with the Potomac. 

being well up above the gypsum, conspicuous, and quite unique. It 
may be designated as the " Black Hill horizon.' The deposit from which 
the hill takes its name is a bed of carbonaceous and rapidly decompos- 
ing shale. 

" In connection with the shale are found fragmentary simms of poor 
lignite. Immediately above and below this is a layer of shcll-conglom- 
erate,madeup largely of Ostren and O^ryphcrn. Below these is a formation 
quite unlike any other I have seen or heard of in Kansas, and well 
worth a visit to the place to see. It is a variegated sandstone, unfortu- 
nately too friable for utility, but displaying a most beautiful variety of 
colors. Brown, purple, blue, crimson, scarlet, pink, orange, lemon-yel- 
low, and white, these and many intermediate shades may be seen, in 
brightest contrasts and most delicate blendings. Streaked and inter- 
streaked in a tortuous manner, clouded and blended, blotched and 
blurred, the dispositions of the colors are as endless as their shades.*' 
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If we assume that the Chejcune sandstone is referable to the 
Trinity division, it is remarkable that Ostrea franklini should \ye 
widely characteristic of and, so far as now known, confined to the 
latter division in Texas and Arkansas, while in Kansas it is lack- 
ing in the same, but characteristic of the Neocomian series. 

It thus appears that Ostrea frankUni is common to the Trinity 
of Texas and the Neocomian of Kansas ; and if, as claimed by 
Marcou,* the European analogue of Ostrea franklini \% 0. acum- 
inata of the Kimmeridge, it is not easy to see how the 0. frank- 
Uni has any weight in determiming whether the Trinity division 
be more nearly related to the upper Jurassic or to the lower Cre- 
taceous. The same difficulty remains if Ostrea duhiensis of the 
Montbeliard Kimmeridge be considered, with HilU, the European 
form of 0. frankUni. Pleurocera stronihtformis being common 
to both Purbeck and Wealden {Jide Hill ), is likewise unavailable 
as a criterion. If tlie fact that the only known Uppef Neoco- 
mian! Cycadoidea ( C. inchis, Carr) is a small species, conclu- 
sively indicated that the fonns of this genus underwent a gradual 
diminution in size from the Purbeckian through Neocomian time, 
the large size of the Kansas &nd Maiyiand specimens would seem 
to refer them to the upper Jurassic. But there remains a geo- 
graphical cxphmation of the small size of C. indusaj which is at 
least phiusiblc, not to mention tlie alleged inferiorit}' of data from 
botany, as contrasted with those from marine invertebrate zoology 
as chronologic criteria. 

The estuarine sediments at tlie base of the American Cretaceous 
can, therefore, liardlv l)e referred to the Purbeck or to the Weald- 
en with perfect satisfaction as yet, and are probably best consid- 
ered, for the present, as transition rocks, or Jura-cretacic. 

[to bk continued.] 



COAL MEASURES OF THE INDIAN TERRITORY, 

By Dr. H M. Chance. Philadelphia. 

The writer has already published a paper descriptive of the gen- 
eral features of the Indian Territory Coal Measures under the title 
of '^Geology of the Choctaw Coalfield " in the Transactions of 

♦American Geolocust, Doc, 1881), p. 301. 
tAnii. Rep. Geol. Surv. Ark. for 1888. II, 131 and 132. 
fProstwich. Geology: Chomioal, Physical, and Stratlgraphical, Vol. 
II, p. 270. 
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the American Institute of Mining Engineers, Februar}', 1890, and 
here desires only to describe more particular!}' the discovery of 
the unexpected and extraordinary' thickness of coal-bearing rocks, 
which is stated in the above mentioned paper are at least 8, 500 
and possibly 10,000 feet thick. 

During the winter of 1889 Mr. R. H. Sanders made a fl3'ing 
\isit to the McAlester district on the line of tlie M. K. and T. 
railroad, and upon returning to Philadelphia informed me that the 
Coal Measures present in that ( McAlester ) basin were certainl}- 
3, 000 feet or more thick. Upon arriving on the ground in the 
spring of 1889 I was therefore prepared to find Coal Measures 
about equal in thickness to those of our Appalachian fields. 
Commencing explonitor}' work in the McAlester basin I soon l>e- 
eame convinced that Mr. Sanders' estimate was substantially cor- 
rect, but to his measurements I had subsequently to add somewhat 
more than 1,000 feet for measures not coming to the surface at 
McAlester and which underlie the McAlester coal bed. 

The explorations were made for the Choctaw Coal and Railway' 
company, then partially organized, the officials of which with 
commendable generosity have permitted publication of the results; 
which in similar cases are t<x> often jealously guarded as private 
information too valuable to be given gratuitously' to the public. 

Continuing the explorations eastward from the 3IcAlester field 
towards Arkansas, by tracing the Grady ( lowest ) and McAlester 
series of Coals, I was astonished to find a great mass of rocks 
also coal-bearing and lithologicall}- quite similar, coming in alK)ve 
the McAlester l)a8in series and evidentl}* conformable to, and a 
virtual upward extension of, the series, making a total thickness 
of 8,500 to 10,000 feet Unfortunately the time and facilities for 
careful study and accurate measurement could not be had, and I 
was forced to be content witli an estimate made by calculation 
from distances measure<l by an odometer attached to a » ' buck- 
board " wagon. 

This great mass of coal-bearing rocks is found in the Kava- 
naugh (or Cavanal or Cavaniol or Cavanaugh) mountains 15 to 
30 miles west of the Arkansas state line and north and west of 
the St. Louis and San Francisco railroad. 

Starting at Brj'an station on that railroad where the Grady 
( lowest ) coal is opened and worked, and passing almost due north 
to and across the Kavanaugh mountains, a distance of five or six 
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miles, the whole series is crossed, and an accuratel}' surveyed line 
here would give the data for a cnws-section showing its true 
thickness. The dip is constantly to the north, being about 40 de- 
grees at the Brj-an mine and gradually decreasing until the forma- 
tion is flat under the centre or backbone of the Kavanaugh range. 

Doubtless the resUHs of Mr. Winslow and his successor in the 
Arkansas fields will show the existence of nearly the same thick- 
ness, for I believe the Poteau and Sugarloaf mountains on the 
Arkansas line are geologically the equivalents of the Kava- 
naugh range in the Choctaw country. 

In a genenil way the fonnation is divisible into an upper and a 
lower coal-bearing or *' productive " series, each cArrj'ing workable 
l)eds of coal. — that is, beds from 3 to 5 feet thick, — with an in- 
tervening *0)arren" series in which no large beds of coal have 
yet been found. These are possibly the same with Mr. Winslows' 
provisional ** upper "and < slower" series in his preliminar}' re- 
port for 1888,* but the thickness assigned his '^ lower " series is 
but a few hundred feet while the ** lower " series in the Choctaw 
country is over 3,000 feet, which difference ma}' prove to be merely- 
one of classification. 

Possibly the work of the Texas sur\'ey may disclose the presence 
of a 8imil:».r development. 

While I have no palseontological evidence of the Coal Measure 
age of the whole series ( and possii)ly the upper portion may prove 
of Perm inn age ), from the lithologicul and stratigraphical features 
of the formation I am inclined to think the whole series belongs 
to the true CarlK)nifcrous, — that the lowest coals are not **Subcar- 
boniferous " nor the upper beds Permian. 

In the presence of such an unusual thickness of coal-bearing 
rocks and the absence of complete surve3-s of the formation in 
adjacent states, it seems useless to attempt correlation except i>er- 
haps with the Arkansas coals, which has already been indicated. 



GLACIATION OF EASTERN CANADA. 

By Robert Chalmers, Ottawa, Canada. 
Of the Canadian Geolosrical Survey. 

A paper on the Grlaciation of Eastern Canada b}' the writer ap- 
peared in the April No. of the Canadian Record of Science^ 
Montreal. It was intended to be a condensed statement of the 

*Geol. Sur. of Ark. Vol. Ill, Annual Report for 1888 — published in 

1889. 
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principal facts hitherto collected on this interesting subject, with 
references to the reports and publications in which details are 
given. The following is an abstmet which I send to the Geolo- 
gist. The subject is regarded as an important one, and has oc- 
cupied the attention of geologists for many years, as eastern Can- 
ada is the battle ground, so to speak, of the advocates of the 
rival theories of continental glaciation and floating ice. The re- 
sults thus far obtaine<l from a somewhat careful study of its 
glacial phenomena, however, point to conclusions which are at 
variance with those held by extreme glacialists, and show that the 
theory of local glaciers upon the more elevated portions of the 
country and icebergs or floating ice striating the lower cosUil areas 
during the l^ost-Tertiary submergence of these, as maintaine<l by 
Sir William Dawson, will ser\'^e to explain all the observed phe- 
nomena. The term * local glacier * I define as an ice-sheet limited 
in extent, that is, c^onfined to one valley or hydrographic basin, 
whether large or small, and influenced in its movements by local 
topographic features, such as mountains, water-sheds, hills, or the 
valleys of the larger rivers. The data have been collected chiefly 
by the staflT of the geological survey ; but Sir William Dawson, 
who has long studied this region, and others have done much valu- 
able work in glacial geol<^' here. 

In referencie to the origin and movements of local glaciers, it 
may be stated, that the main facts pertaining to each centre of 
dispersion, when correlated, show that these glaciers were inde- 
pendent Ixxlies which had large gathering-grounds upon the higher 
parts of the countrj' where snow fields and n^v^ must have ex- 
isted. Whenever motion began this snow and nev^ became con- 
verted into glacier-ice. Upon areas where they never underwent 
change into ice no striation of the rocks took place. In their 
movements the glaciers, generally speaking, followed the slopes of 
the land or the present drainage channels. Some of them seem 
to have been quite lai^e, and those from adjacent drainage areas 
may have coalesced on the lower grounds and become confluent 
At all events, the slopes and costal tracts are usually more glaciated 
than the interior and. higher grounds. 

In Nova Scotia there was a shedding of ice from the Cobequid 
mountains northward and southward, and the South mountain ap- 
pears also to have sent glaciers down its slopes, on either side. 
Sir William Dawson, Dr. HonejTnan^ Mr. H. Fletcher, Dr. R, W. 
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Ells, and others have made numerous obsen'ations showing many 
divergent courses of striae, which are explicable only on the theor}' 
of locral glaciers and ic^ebergs. 

The main water-she<l of New Brunswick, which traverses the 
province from north-west to south-east, sent off glaciers in nearly 
opijosite directions, or north-eastward towards the bay Des Cha- 
leurs and gulf of St. Lawrence on the northern slope, and 
south-eastward towards the bay of Fundy on the southern slope. 
This is abundanth' proved by data collected by the writer and 
others. * 

Considerable areas in the interior of this province, where centres 
of dispersion for local glaciers existed, are unglaciated, no ice- 
action whatever nor boulder-c^laj' being seen, and the loose ma- 
terials consisting largely of rock debris in situ. These were 
probalily snow-fields and gathering grounds for the ice during the 
glacial period. The glaciers on the southern slope appear to have 
been much larger than on the northern. But even upon the 
former the}* had numerous local and divergent movements, as the 
eWdence shows. 

The Shickshock or Notre Dame mountains in south-eastern 
Quel)ec and their continuation south-westward had also large 
gathering gi-ounds for snow and ice on their summits and shed 
glaciers south-eastward into the bay Des Chaleurs and the valle3'S 
of the Restigouche and St. John rivers, and north-westward into 
the St. Lawrence valley, the estuarine porticm of which must then 
have been open to receive them.' The valleys of tributar}* rivers 
and the suboi-dinate ridges and hills caused, however, many local 
deflections in the ice-currents. 

The glacial phenomena of the Archean area north of the St 
Lawrence and grent lakes have also been investigated to some ex- 
tent. The general parallelism of the Laurentian slope, north of 
the St. Lawrence, to that of the Notre Dame range on the south 
side caused the striae obsen'cd on it to have nearly the same course 
as those on both slopes of the latter, the ice flowing down these 
slopes at about right angles to the main axes of the mountains. ^ 
This fact has b(»en made use of to support the theory of a massive 

^Annual Report, Geol. Surv. Canada, 1885, vol. I. part G(J. 

2 Annual Report, Gt^ol. Surv. Canada, 1880, parts I. and M. 
^Ooology of Canada, 1863, pp. 800-92; Notes on the Post-Pliocene 
G<'ol()flry of Canada. * Canadian Naturalist,' 1872 ; Annual Report, Geol. 
Surv. Canada, 1880, parts I. and M. 
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ice-sheet moving from the Laureutides across the St. Lawrence 
valley over the summits of the Appalachians and down the New 
England slope to the Atlantic. But it appears the evidence at 
hand does not support this view. The Archean area has, however, 
sent sheets of ice down its slopes in all directions around its cir- 
cumference. In the central part, on the east side of the Hudson 
bay, they moved directly westward into its basin. In Hudson 
strait, according to Bell, the ice had a northeastward and east- 
ward flow. Whether the whole Archean area was covered by 
glaciers flowing outwardly from the centre towards the circumfer- 
ence, or with snow fields forming the nM ot local glaciers, as 
seems more probable, is a question to be decided by future inves- 
tigation. Areas of unglaciated rock surface, doubtless, occur 
there as well as upon other elevated portions of eastern Canada 
where decomposed rock lies undisturbed except from subaerial 
action. 

The extent and thickness of the glaciers cannot as yet be satis- 
factorily determined ; but they seem to have been largest on the 
southern slopes of the Appalachians and Laurentides. The 
cause of this is not evident ; but as regards those of the first 
mentioned mountains, which are in a part of the country with 
which the writer is most familiar, it ma}- be owing in some 
measure at least to the difference in the steepness of the sIoikjs on 
either side of it. The south-east slope is long, .much broken, and 
has numerous comparatively level areas upon it. As the rate of 
motion would be slower on this slope, the ice would necessarily 
accumulate in lai^er sheets in depressions and on the level tracts. 
On the shorter and steeper slope of the St. Lawrence the motion 
of the ice would be more rapid, and it would more readily de- 
bouch into the estuary or sea. 

Evidences of the action of icel)ergs or fioating ice are found in 
the St. Lawrence valley and on the baj- Des Chiileui-s coast, also 
in a number of other places around the shores of the gulf of St 
Lawrence. So far as the writer has observed, they are met with 
only on ledges below the 200 to 350 feet contour-line above sea- 
level. Floating ice seems to have played an important part in 
transporting boulders over the submerged areas. 

The views here briefly outlined will doubtless undergo some 
modification, when this region, especially that part of it known as 
the great Archean area, comes to be studied in greater detail. 
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I think, however, the main conclusions herein advanced will 
stand. 

Newfoundland, although not forming part of Canada, is geo- 
graphically connected with it, and its gla^^ial phenomena may 
therefore be referred to here. The late Alex. Murray, C. M. G. , 
Director of the Geological Sun^ey for many years, states that its 
surface is everywhere glaciated. * He held the theory of a conti- 
nental ice-sheet, however ; but his facts show that the striae are 
quite divergent, following depressions and valleys in different di- 
rections. It seems probable, therefore, that here, as in eastern 
Canada, local glaciers produced the chief striation observed, as 
pointed out by the late captain Kerr, R N. * But from its insular 
position and Ij'ing as it does in the track of the arctic currents, 
the coast areas must have been intensely* eroded from icebergs and 
floating ice. 



EDITOKIAL COMMENT. 



Snow Hall of Natural History at Lawrence, Kansas. 

In 1885 the Legislature of the State of Kansas appropriated 
the sum of, $50, 000 for the erection of a suitable building for the 
natural history department of the State University. The build- 
ing was completed in the autumn of 1886 and named for Prof. 
F. H. Snow, who had been connected with the university from its 
beginning and under whose direction numerous and valuable col- 
lections in ever}' department of natural historj', had been made. 

Snow Hall is two stories high with basement and attic. It is 
partially divided from top to lx)ttom by halls, and stairways, into 
two parts. The portion thus set off to the west of the main en- 
trance is devoted to purposes of exhibition, and the opposite por- 
tion to instruction. On the east side are lecture rooms, laboratories 
and work rooms with special cabinets. The main lecture room is 
a large room with ceiling 30 feet high, and is capable of seating 

■ 

^Transactions of the Roy. Soc. of Canada, 1883, sec. iv., paper on the 
Glaciation of Newfoundland. 

^Trans. of the Roy. Soc. of Canada, 1882, Sec. iv., paper on the 
Glaciation of Newfoundland, p. 68. 
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nearly 300 persons. The seats rise gradually from the basement 
to the first floor. On the west side are four large rooms, one 
above the other, with dimensions 86x36 ft. : the lowest one is used 
for laboratory work, the two middle ones for public museum rooms, 
and the fourth one in the attic for storage purposes. 

The first floor is devoted to geology. The spacious museum 
room contains the large Cooper collection of minerals ; and a 
most unique and valuable collection of Dakota sandstone fossil 
leaves, made by judge E. P. West. Fossil shells of all kinds, 
immense saurians, horses, sharks and a life size cast of Megathe- 
rium cuvieri also find a place here. 

The collection of vertebrate fossils from the Niobrara section of 
the Cretaceous formation in western Kansas, is pronounceil b}- 
Dr. Geo. Baur to be the finest collection on exhibition in either 
Europe or America. This collection container many remarkable 
saurians, fishes and birds including a Mososaur with the dermal 
scales in perfect preservation. The latter specimen was discov- 
ered by Prof. Snow in 1878, and has never been duplicated. 
Another unique specimen is the fossil feather of a Cretaceous bird, 
discovered last summer by judge West, and the only bird feather 
yet found in America below the Tertiar}'. 

Prof. S. W. Williston, professor of anatomy in Yale Medical 
School has accepted the chair of geology, and will begin senice 
September 1st. Professor Williston was for years professor 
Marsh's right hand man, and is also the most eminent authority 
on Diptera in the countr}'. 

All work in Zoology and Botany is done on the 2d floor. Pro- 
fessor Snow, while the chancellor of the university, is still director 
of the museum, and has a supervision over all departments. His 
specialty has been entomology, especially from an economic 
standpoint, and the university possesses the largest collection of 
insects to be found in any American college with the exception of 
the one at Cambridge. V. L. Kellogg is the assistant in entomol- 
ogy. He is a graduate of the department and has contributed to 
scientific knowledge by his observations on the Mallophage. 

Work in botany is directed by Mr. W. C. Stevens, also a gradu- 
ate of the University of Kansas. He is aided by a large 
herbarium of North American plants, collected b}- professor 
Snow. 
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Prof. L. L. Dyche, in the chair of Anatomy and Zoology, has 
built up a magnificent collection of American birds and mammals. 
He is said to be the most accurate taxidermist in the country ; 
and his striking groups of grizzly bears, mountain lions, Becky 
Mountain sheep and goats, and buffalo are evidence of his skill 
Professor Dyche shoots nearly all the animals he mounts, spend- 
ing most of his vacations in the field. He is now preparing for 
his second trip to northern British America, to hunt moose and 
caribou. He is assisted by Miss Gertrude Crotty in anatom}', and 
by E. D. Eames in taxiderm}'. 

The rooms of Snow Hall are heated by steam, the " Indirect" 
method being employed to furnish the rooms with fresh air, and 
the direct method for securing proper temperature. 

Fresh air is introduced into the building by means of a < < plenum " 
extending under the entire building and connecting with the outer 
air by arched openings and areas. Ventilation is accomplished 
by means of large flues leading from floor to ceiling of all rooms, 
to a large iron chamber in the attic, in which sufficient radiation 
is located to secure a sucessf ul movement of the £oul air through 
a ventilating cupola to the exterior. 

Plent}' of light even on cloudy days, is secured by the large, 
well arranged windows. The museum rooms are lighted on three 
sides, and opposite the center of the unlighted side of each of 
these rooms, a large plate glass window eight feet wide and eleven 
feet high helps to diffuse a proper amount of light all over the 
room. 

The building is rendered nearly fire proof by use of iron 
girders, floors deadened with mortar on corrugated iron, wire 
lathing, ix)li8heil hard wood finish, and slate and stone exterior. 
And in addition to prevention secured by construction, improved 
appliances for curing a conflagration hang on every floor. 

The stone used in this building is the white limestone from the 
Cottonwood Falls ( Kansas ) quarries, and this rock is wrought 
into handsome carvings over the buttressed front. 

Work in this beautiful building is being prosecutetl under most 
favorable circumstjinccs. The department has been treated gen- 
erously in the matter of appropriations and has been able to se- 
cure the best appliauces and able instructors. 
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What Constitutes the Taconic Range of Mountains. 

Dr. Asa Fitch describes tlie Taconic mountains in the following 
words : Runs along the east line of this county, immediately on 
the Vermont side of that line. From Mt. Anthony in Benning- 
tion, it passes through Spruce (or West) mountain, Red, Equinox 
Bear, Antonio, Rupert and Pawlet ( two names given to one long 
mountain ) to Haystack, east of Gran\ille village. ( Historical, 

TOPOORAPHICAL AND AGRICULTURAL SURVEY OF THE COUNTY OF 

Washington, 1849, p. 936.) 

Prof. J. D. Dana describes the Taconic range of mountains in 
the following words, so far as they exist in Vermont : This 
great slate belt extends from Weybridge on the north to the 
southwestern comer of -the state, widening southward and spread- 
ing into the state of New York. The part south of Brandon has 
been called the Taconic range of mountains, it being properly a 
continuation of the Taconic range of Massachusetts. [jlm. 
Jour, Set. (3) XIII. 336, 1877.] 

Geologically these hills consist, according to Mr. C. D. Wal- 
cott's geological map of the Taconic region, of ** Cambrian" 
formations, i. e. of Taconic or primordial strata. [ See his map 
accompanying his papers on The Taconic system of Emmons 
and the use op the name Taconic in geologic nomencla- 
ture. Am. Jour, Sci. (3) XXXV.] He also says : Fossils oc- 
cur more or less abundantly at over 100 localities as now known 
to me within the typical Taconic area, and they are distributed at 
various horizons throughout the 14,000 feet or more of strata re- 
f erre<l to this terrane. [ Am. Jour. Scl ( 3 ) XXXV. 242. ] 

This is a direct and complete verification of the claims of Dr. 
Emmons in the establishment of the Taconic system on the rocks 
of the Taconic mountains. 

Thine own mouth condemneth thee and not I: yea, thine own Hps testify 
asalnnt thee. Job xv., 6. 
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EEVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



An American Oeological Railway Chuide, giving the geological forma- 
tion at every railway station, with altitudes above mean tide-water, 
notes on interesting places on the routes, and a description of each of 
the formations. By Jasies Macfaklane. Second edition, revised and 
enlarged, edited by James B. Macfaklane. D. Appleton & Co., 1890. 
pp. 426. 

The first edition of this convenient manual appeared twelve years 
ago ; and at the time of the author's death, in 1885, he had prepared 
several of the chapters for this second issue, and had published ad- 
vance sheets of the part relating to the Dominion of Canada. Its com- 
pletion has been accomplished as a work of filial love by his son, during 
the fragments of leisure that could be spared from a busy professional 
life. 

The plan of the book is to give the nam6s of the successive railway 
stations, with their distances in miles from the beginning of the line, 
and against each to state the geologic formation exposed there, and its 
hight in feet above the sea. Copious notes also call attention to locali- 
ties of quarries, mines, oil and gas wells, the best points for collection 
of fossils and minerals, and views of grand or beautiful scenery. 

Introductory tables of the geologic formations, as arranged by Dana 
and by Hunt, and the general descriptions of the formations, intended 
for travelers who are not versed in geology, occupy the first fifty pages. 
In the later parts of the work, under each district, as the Maritime 
Provinces of Canada, the New England states. New York, etc., the 
local development of these formations is stated in descending order, 
with a uniform system of numbering, by which the various regions may 
be readily compared. A small sketch map of the geology of the United 
States is given ; but a larger geologic map, or more than one, including 
Canada, folded in a pocket of the cover, would be a useful addition. 

Appreciating the practical value of such a compilation, the several 
state and United States and Canadian geologists have co-operated with 
the author and editor, supplying detailed information of their respective 
districts. Not only the bed-rocks, but also the glacial drift, moraines, 
drumlins, and Quaternary lake-beds, are quite fully noticed. Per- 
haps the most interesting feature of the book for many tourists will be 
the figures showing how the profilQ rises and falls in crossing the water- 
sheds and descending into the valleys. It will be a most valuable 
hand-book for all geologists and travelers in this country and Canada. 

Syncrpais of American Carbonic CalyptrasldcB, by Charles R. Keyes. 
( Proc. Acad. Nat. Sci., Philada., 1890, p. 150-181.) 

This is a complete r^sum^ of all that is at present known concerning 
the American Carbonic shells hitherto commonly referred to Conrad's 
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genus Platyceras. There are also incorporated many new observations 
derived from an exhaustive study of a largo number of specimens col- 
lected during the past few years ; besides an examination of nearly all 
the types of the different forms. Of a single species more than three 
hundred specimens were obtained from a single locality for the purpose 
of determining the limits of variation. Although it is to be regretted 
that the familiar name established by Conrad nearly half a century ago 
is to be given up, it is thought that the change will be a great advant- 
age in the consideration of this group, since it has long been regarded, 
particularly by those palaeontologists who are somewhat familiar with 
recent shells, that Conrad's group actually formed a part of Capulus of 
Montfort. After a brief review of the nominal history of the group, 
the habits of the ancient Calyptraeus are discussed. This refers chiefly 
to the attachment of the gasteropod shells to crinoids ; and the conse- 
quent variation in the form of the shell and range of variability. The 
descriptions of numerous illustrative examples are given at length. This 
intimate association of crinoid and gasteropod has been noted in the 
cases of at least a score of species of the former, and nearly a dozen of 
the latter. These are given In tabulated form. It must bo borne in 
mind that the close relations of the two forms do not imply that the 
gasteropod was parasitic in its habits as is generally regarded but that 
the mollusk, though for a greater part of its life stationary, probably 
fed only on the excrementitious matter of the crinoid and on the minute 
organisms brought near by the slowly waving arms of the echinoderm. 
The remarks on geographic and geologic distribution have a wide ap- 
plication. The relation of the fo^:ms from the Burlington and Keokuk 
rocks is very significant in its bearing upon the true connection of the 
two formations. Following the last section is a stratigraphical cata- 
logue of the known forms, a discussion of the generic characters and 
an enumeration ef the recognized species : of the latter new descriptions 
are made from the abundant material examined. Each description is 
accompanied by a full bibliography and a complete discussion of the 
leading characteristics, peculiarities and other points of Interest. 
Twenty-two species are regarded as valid. The closing section is de- 
voted to brief remarks on the spurious and doubtful species. A plate 
of twenty-three figures of the most peculiar forms, and species never 
before figured, accompanies the monograph. 

Meteoric Irons. Geobge F. Kui^z, in the Trans. N. Y. Acad. Sci., 
Vol. IX, No. 8, May-June, gives some interesting descriptions of various 
meteorites. In the first paper (pp 186) are described about twenty or 
more meteorites recently discovered in Brenham twp., Kiowa county,. 
Kansas. The masses range in size from 460 lbs. to 1 lb. and less. 
Two of these masses ( 345 lbs. and 75 lbs. ) belong to the calUites, the 
others, containing olivine, to the pallasites. Analyses of the iron gave 
Fe. 88.49; Ni. 10.35; Co. .57; Sp. gr. 7.93. Mr. Kunz says: "This 
group of meteorites possesses more than ordinary interest on account 
both of the peculiar composition and structure, and also of the 
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undoubted ethnological relation, especially because of the probable con- 
nection with the meteoric iron found in the Turner Mounds (Ohio). 

The second paper (pp. 194), ** Meteoric Iron from Bridgewater, 
Burke Co., N. C. ** This mass originally weighed 30 lbs., has a sp. gr. 
of 6.617 and contains Fe. 88.90; Ni. 9.94; Co. .76; P. .35; CI. .02. The 
Widmannstatten figures were developed. The third paper ( pp. 196 ), 
** Meteoric Iron from Summit, Blount Co., Ala.** This mass weighs 
2.2 lbs., sp. gr. 6.949, comp., Fe. 93.39; Nl. 5.62; Co. .58; P. .31 ; con- 
tains a large quantity of free chloride of iron. Instead of the Wid- 
mannstatten figures there was developed a banded appearance. Fourth 
paper on *• Meteoric Iron from Colfax twp., Rutherford Co., N. C. *' 
This is a small mass weighing 72 Troy ounces. Composition very var- 
iable, ranging Fc. 87.69 to 89.22 ; Ni. 11.26 to 9.37 ; Co. .62 to .53. 
Fifth paper (p. 198) short description of a stone which fell at Ferguson, 
Haywood Co., N. C, July 18, 1889. 

Sixth paper ( p. 201 ) is a most interesting one on the '* Aerolites 
which fell May 2d, 1890, in Winnebago Co., Iowa. " Over 500 pieces 
of the shower have been recovered ; the largest of these weighs 85 lbs ; 
the smallest f^ oz. This meteor is a typical chondrodite, porous, with 
a sp. gr. of 3.638. According to L. G. Eakins the approximate com- 
position of the mass is : Nickeliferous iron, 19.40 ; Troilite, 6.19; Sili- 
cates soluble in HCl, 36.04 ; Silicates insoluble in II CI, 38.37. 

The CrinoUiai of tfic Lower Niagara Lhneatone at Lockpor% N. I"., 
wWi new species; by E. N. S. Einguebebg, (Ann. N. Y. Acad. Sci., 
Vol. v., July, 1890, p. 301). 

Notwithstanding the above title no descriptions are given of the var- 
ious crinoids announced up to the date of this paper, the author confin- 
ing himself to the descriptions of five new species as follows: Callicrlnus 
acanthinus, Dendocriuus ? nodibranchiatus, Glyptaster lockportensis. 
Icthyocrinus conoideus and Eucalyptocrinus muralis, all from Lockport, 
New York. The first proves to be a most interesting as well as a 
remarkable discovery. The genus has not heretofore been recognized 
from America, but, according to Wachsmuth, Eucalyptocrinus cornutus 
Ilall, and E. raniifer Roemer should be referred to Callicrinus. 

Notes on RadiolarUi from tfie Lower Palceozoic Rocks {Landeilo-Cara- 
doc ) of the South of Scotland, By George Jennings Hinds, Ph. D. 
( Annals and Magazine of Natural History, for July, 1890. ) 

In tlie Geologist for July, 1890, p. 68, is a notice of the discovery of 
Paheozoic radiolarians in Lanarkshire and Peebleshire, Scotland. In 
the Annals and Magazine of Natural History for the same month, Dr. 
Hinde publishes an elaborate paper giving descriptions and figures of 
these ancient radiolarians. The radiolarians are found in beds and 
nodular masses of chert in strata of Lower Silurian age and adjacent to 
beds of shale containing Glenkiln graptolites. They are strikingly 
like the modern forms of this group and may all be readily assigned to 
orders and sub-orders established by Haeckel in his report on the 
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chert is interesting from the fact that, fi-oin what we know of modern 
Radiolaria of the Challenger Expedition. Furthermore this Silurian 
Radiolaria, we may infer that we have in these old chert beds a true deep 
sea deposit of Palaeozoic origin. The paper enumerates twenty-three 
species distributed among eleven genera. 

Not€8 on the Leaves of LiHodendron, By Theodob Holm. (From 
the Proceedings of the United States National Museum, vol. xiii, 1890, 
No. 794, pp. 15-35, pi. iv-ix.) 

This paper gives the result of a study of the variation of leaves from 
the living LiHodendron tuUpifera L, and then takes up the so-called 
fossil species of Llriodendron and considers that ^Hhese ancient Amer- 
ican types have shown a liability to variation in the same degree as our 
recent form." The aim of the paper is very clearly stated on page 16, 
where the writer says that **The object of these notes is to prove that, 
as far as is known to the author, there is not a greater difference in the 
foliage between many of the extinct species of Liriodendron than be- 
tween a series of leaves from a very young tree or from a branch of an 
older one of our recent species." The article may be regarded as a pro- 
test against the undue haste of paleobotanists generally to rush into 
•* species making." Until within a comparatively recent time there was 
the same passion for ** species making" among paleozoologists; but, 
now with the more careful writers there is a greater effort directed 
toward the combination of variations of a species than to the descrip- 
tion of so-called new species. This great variation in the form of 
leaves, not only from different trees of the same species but from an 
individual tree, emphasizes to a geologist the greater value of paleo- 
zoology than of paleobotany for the purposes of stratigraphical geology. 

The author's use of geological terms shows that he has not so thor- 
oughly mastered the details of that science as those of botany. 

Mineral Resources of Michigan, Chaklks D. Lawtox. Robert 
Smith & Ck)., State Printers, Lansing, Michigan. 8vo., pp. 181, 1890. 

For mine owners and others directly interested in the actual and prob- 
able out-put of the various mines this is a valuable report, giving as it 
does, an account of the location, size and condition of each of the mines, 
and a detailed record of the business of each company for the past year. 
The subject of accidents in mines and moans of preventing them has 
been treated ably by Mr. Lawton in former reports and is mentioned 
incidentally in this one. 

The report contains very few of the facts which a commissioner of Min- 
eral Statistics has such abundant opportunity for observing and collating, 
facts which would lead to a clearer understanding of the origin of the 
various ores, and their genetic relationship to the rocks in which they 
occur. These are questions which can never be too carefully studied, 
and a few facts observed at each mine, and reported merely as facts, 
even without any attempt to explain them, might result in throwing 
great light upon some of those unsettled problems. 
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The report is an interesting and valuable one ; and Michigan sets an 
example which it would much benefit some of her sister States to follow, 
in the creation and maintenance of a capable commissioner of mines and 
mineral statistics. 

Annual Report of the Department of Mines^ New South Wales, for the 
Year 1889, Sydney ; 1890. This report is a royal octavo, paper bound 
volume of 253 pages, and is devoted to the minoralogical products and 
geological structure of the several mining districts of New South Wales. 
Among the minerals of the region are mentioned gold, coal, petroleum 
shale, tin, copper, silver and lead, iron, antimony, platinum, bismuth, 
cobalt and nickel, manganese and zinc, graphite, mica, diamonds. 

From some of the interesting tables with which the report 
abounds we learn that the annual output of coal in New South Wales 
has increased in value from £603,248 in 1881 to £1,632,848 in 1889 ; 
the produce of the gold mines for 1889 was worth £434,070, and the 
value of all mineral products for 1889, £4,780,365. In 1889 the iron 
produced amounted in value to only £18,330, while the value of the tin 
and tin ore foots up £415,171. 
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Exploration of the Indian Teriutohy and the medial, third of 
Red River. In company with Mr. J. S. Stone, and under the patronage 
of tlie state geologist of Texas, I have made a very thorough reconnois- 
sance with many accurate sections and locations, nn northern Texas and 
southern Indian Territory from Texarkana westward this season. The 
problems studied were (1) the westward deflection of the two Cretaceous 
erabayments of the Arkansas-Texas region, and (2) the geology of the 
interior region upon which the Cretaceous sediments were laid down 
and from which they were derived. The latter line of investigations 
has developed much light upon the structure of the Ouachita system of 
mountains (i. e. the mountains of Arkansas and Indian Territory south 
of the Arkansas). This system was found to be composed of most com- 
plicated folds of Carboniferous rocks east of the Missouri, Kansas and 
Texas railway, with varying trends from W 20° and toN 40°. From near 
the above mentioned railroad, at New Boggy depot, west to Tishomingo 
near the Atchison, Topeka and Santa Fe road, is a suberb ridge of 
granite forty miles in h^iglh interspersed with dykes, and completely 
cutting through the strike of the Coal Measures, and ending the Fort 
Smith McAllister coal field. This granite is of many species and highly 
feldspathic. Resting upon this granite north of Tishomingo, and in- 
creasing in area westward is a suberb region of folds of fossil if erous 
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Silurian limestones and shales, with possibly earlier rocks, constituting 
the Arbuckle — Wichita mountain system. 

These rocks extend north 40° in a series of vertical folds forming low 
treeless ridges, as far west as the staked plains, the Red, Canadians, 
Washita and Arkansas rivers all being influenced by this trend between 
the 97th and 100 mei^dlaus. 

The folding and great denudation of the whole region are remark- 
able, the whole series from supposed Permian to the base of the 
Silurian occurring mostly in vertical stratification. There are clearly 
throe great trends throughout the region, (I) a trend from northeast to 
southwest, as seen in the Kiamitia and Stringtown mountains, which, 
west of the Tishomingo granite area in the Silurian area is succeeded by 
(3) a northwest trend, and (3) a later trend of E. 20° N. which has clearly 
dislocated the former and older trends as shown by the remarkable S 
shaped dislocations visible all the distance across the Nation. Concern- 
ing the age of these trends, it is clear that they have taken place in 
part since late Carboniferous time, as the rocks of that period are in- 
volved in each. I do not mean to say, however, that earlier folding may 
not have occurred in the Silurian rocks. It is also evident that great 
disturbance has taken place even in post-Cretacic times, for the Red 
river flows in a fault through Upper and Lower Crotacic rocks north of 
Denison with a northern downthrow of nearly a thousand feet. No up- 
land drift material was found, although Red river has cut down 50 feet 
below its ancient Quaternary river sediments. I hope to present these 
results more fully at an early day. R. T. Hill. 

The Texas Cketaceous. In your last number there was a kind 
notice of my "Check List of the Cretaceous Fossils of Texas." The 
concluding sentence may be misleading, however. It reads as follows: 
" The list proves evidently that all the Cretaceous strata in Texas are 
** more recent than the English Gault." The object of preparing this 
list was to show for the first time the stratigraphy of the numerous 
supposed Cretaceous species, and to show their faunal associates in 
order that the world could have some bases for comparison. No where 
in the list do I commit myself to an opinion, as to European equival- 
ency for I become more and more, each year, indisposed to correlate 
our Texan strata with those of Europe alone. I do believe in trans- 
oceanic correlation, when trans-oceanic faunas are the same, but, it has 
been utterly impossible heretofore to even have a basis of comparison, 
without such a list as I have endeavored to give. 

I do believe that the Texas alleged Cretaceous strata contain forms 
which in Europe are characteristic not only of the Gault, the Neoco- 
mian, the Wealdan, but of the Jurassic, but the stratigraphy must be 
studied and unravelled before they can be discussed. 

This is now my fifth consecutive month of field study this year upon 
the Texas Cretaceous strata north of the Colorado river, and notwith- 
standing my years of previous labor, every day yields some new and 
important light. How then can we correlate and locate these mar- 
velous beds with European strata? 
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I have been preparing for several years, however, a paper on the 
''Paleontologic Position of the North American Cretaceous,** which I 
hope to finish (d. v.) in time for the International Congress provided I am 
permitted to present it, in which I will try to correctly present the 
facts. Very truly yours, 

Austin^ Texas, Aug. 15, 1890, c Bob*t T. Hux. 



The Wetwoods. Between Liouisville, Ky., and old Deposit Station, 
on the line of the Louisville and Nashville R. R. there is an extensive 
basin lying at the foot of the Knobs, known as '' The Wetwoods. *' It 
has been noted not only for its wetness, but for the lawless character of 
its inhabitants. A system of drainage, however, has not only improved 
the land, but the morals of the people, and one may now pass through it 
in safety, although the old lawless spirit will show itself occasionally in 
deeds of murder and violence. During a residence of five years in 
LfOuisville I have taken many a weary Journey through that section of 
country trying to solve the problem of its origin. At first it seemed a» 
if the great continental ice-sheet, or spurs of It, must have scooped out 
the basin in question, and also rounded out the adjoining knobs into 
their peculiar contour, but subsequent investigation has led me to aban- 
don this view, although glaciers doubtless played some part in it. A 
close examination of this region shows that the basin itself is indented 
with numerous channels that seem to correspond with the breaks in the 
hills. Were these at one time connected, and if so, how was this con- 
nection broken off? — are questions which naturally suggest themselves. 

Southeast of Louisville there are two streams — with numerous 
branches — the Bcargrass and Fern creeks. The former Joins the Ohio 
River this side of the knobs, the latter penetrates through them, at least 
in part, for some of the branches seem to become lost in the Wetwoods^ 
In fact they are really the cause of the phenomenon. In preglacial 
times these channels had, doubtless, free course, but during the ice ag& 
they became obstructed and have remained so until set at liberty by the 
hand of man. It has been shown in a previous letter to the American 
Geologist, on Preglacial streams near Louisville, that the mouths of 
the Beargrass were at one time much larger than at present, which 
would be the case if they drained the region referred to. 

It seems to be evident, then, that this basin is the result of preglacial 
erosion, and that the Wetwoods are due to the obstruction of these 
ancient river channels during the Glacial period. When the ice-sheet 
lay over this region those streams were probably subglacial, and their 
channels no doubt wore greatly enlarged and flooded until partially filled 
in by the retreating glacier. Tho summits of the highest hills around 
Louisville show the effects of erosion; even the tops of the knobs, both 
in Kentucky and Indiana at the hight of 400 feet are worn and eroded 
into all kinds of fantastic shapes, and when the clay that covers them is 
removed the rock looks as smooth as if the water had but receded yes- 
terday. The idea that this deposit of clay covering the rock from four 
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to twenty feet in thickness, is the result of weathering seems to the 
writer preposterous. It is either fluviatile or glacial in character. 
Quite a large number of sandstone boulders have been collected by the 
writer, and their position in the clay seems to indicate that they are 
glacial in origin. The knobs, on both sides of the Ohio river, though 
much broken, remain as hills where streams have not been large and 
powerful enough to wear them down to the deeper valleys, like the so 
called Collett glacial valley in Indiana, which by the way, is a]>reglacia1 
valley, and was long in existence before the ice-sheet covered it. Both 
arms of the knobs stretch out from the river for the distance of about 
eight or nine miles, and both break off in the same peculiar way, like the 
back of a dromedary between the head and the hump. The cause of 
these breaks where the knobs disappear is the Silver creek channel on 
the Indiana side, and Fern creek and Salt river, on the Kentucky side. 
I have been unable to trace out these ancient channels in all of their 
former ramifications, and it is doubtful if their connections can be 
exactly determined, but a close examination of this region under con- 
sideration, will convince any one familiar with such phenomena, that 
preglacial streams acting with the ice-sheet operated in the formation 
of this basin known as the Wetwoods. 

Near Old Deposit station, in the center of this depression is a conical 
hill, perfectly round, which looks as if it might be artificial, but the 
sweep of the old channels around it bespeak its origin. It seems to 
have been the site of an Indian village as groat numbers of broken flints 
and arrow-heads can be picked up on its southern slope. 
LouUvUle^ Ky., Juiic 9th, 1890. John Bbyson. 

Paljeontolooical Notes fkom Ixdianapolis. (A. A. A. S.) Pter- 
ICHTUY8 — Castoroides — EuRYsoMA Q. 71. Prof. H. S. Wllllams of 
Ithaca exhibited a new and unique specimen of which fragments had 
been previously known. It consisted of several plates of a large fish 
from the Catskill of New York. The first description of a fragment of 
this species was published by Prof. E. W. Claypole in 1883, in the pro- 
ceedings of the American Philosophical Society, under the name of 
Pterichthys rugosits. Its most notable character Is the rugose, radial 
markings on the surface differing in this respect from any known fossil 
fish. A second plate has since come into possession of the author of 
the species which was evidently a lateral plate of the same animal. It 
is deeply concave and has a similar wrinkled surface. 

In the original description the following remark occurs : 

**The outline of the plate corresponds very closely with that of the 
dorso-medlan plate of Pterichthys, and were it not perfectly flat I should 
be inclined to refer it to that part of the exo-skeloton. But this flatness 
renders it probable that It is the ventro-median or well known **lozenge- 
plate" of Hugh Miller, the central piece of the armour of the fish on the 
lower side — overlapped on all sides by the others." 

But the additional evidence now attained renders it more probable that 
the first impression was the correct one, and that the plate in question 
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ia really tho dorso-incdlan, In spite of its perfect flatness. Prat. Wil- 
liams' specimen exblbiia it witii three other plates evidently In correct 
retatlonsblp to one another. 

It Is not well to be too confident regarding the details of a cteatura 
of which we as yet know ho little, but It seems In the highest degree 
probable that the two latter plates are the postrdorso-laterala and the 
fourth the post-dorso-median. On that view It Is also almost certain 
that the additional plate above mentioned which has not yet been fig- 
ured but which came to hand about four years ago. Is the dorao-latem- 
of the left side. 

On this view the following outline will represent tho position and re- 
lation of all tho yet known plates of this fish. 




*%%^;liil;?#^ 



Dorso-modian (first described). a 

Dor«o-I literal, left, (not yet described) c 

Poet-ilorBo-latPrttl, tight, bi 

left. b, 

Poat-dorao-mediaD. d 

Tho plates shown in Prof. William pc Imen are a b', b*, and d. 

Assuming that this Hsh was n t distantly allied to PterCcht)v)w, as 
seems probable from the resemblan i form between their dorso- 
median plates, the flatness of tl 1 sp Imen as already said. Is very 
remarkable. In tho typical Fte i Itfjti Ule I the plate in question 
"rises toward the middle lu a roof like ridge l<o ridge or even line 
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appears on the corresponding plate in either of the two fossils thus far 
found. 

Dr. Newberry, who has seen a print of the specimen, is of opinion 
that the characters Justify a separation from PterUMhys and Bolhriolepis 
(genera scarcely at present clearly distinct), and has proposed the name 
HoUmema in allusion to the wrinkled surface. There are certainly 
great differences between this fish and the other two genera — differences 
perhaps sufficient to justify separation — in the larger size of the former, 
the flatness of the dorso-median plates, and its position with the long 
and narrow end behind. But as to the sculpture it is doubtful if the 
difference on this point is great enough to justify another name. 
Though that of PtericJvthys is usually considered tubercular, yet a slight 
examination of specimens, especially those from Scaumenac Bay {Pt. 
canadensis), will show that it is frequently rugose and that the tuber- 
cles constantly tend to run together into wrinlclos. Hence that species 
Is now often referred to Bothriolepis. From the latter the great size of 
the fossil In question is the main point of distinction. For the present, 
however, the matter must remain undetermined, and the fossil be called 
PtericMhys (Both.) rugosus or Holojiema rugosum. It is right to add 
that the exact horizon of the fossils is a little uncertain. They came, 
however, from either the highest beds of the Chamung or the lowest of 
the Catskill. 

Since the above note was written Dr. Newl>erry's admirable work on 
€arl)oniferous Fossil Fishes has been distributed. Among the species 
there described is the fossil in question, several plates of which are 
figured in whole or in part. The central plate (a in diagram) is 
referred by Dr. Newberry with hesitation, as it was in the original 
description, to the ventral surface and considered the equivalent of the 
"Lozenge-plate." It is with diffidence that the writer ventures to differ 
from so eminent and experienced an authority, but the evidence now 
accumulated, and especially the fossil exhibited at Indianapolis, seem 
to leave little or no ground for hesitation. The form of the central 
plate, the presence of another median plate at its narrow end, the form, 
size and fit of the lateral plate at its wide end, the direction of the 
wrinkles, and the number of plates necessary to complete the shield 
(assuming its near relationship to Pterlcfithys and BothrU)lcpsts, which 
seems reasonable), all combine to indicate the dorsal rather than the 
ventral aspect of the fish. The only rebutting evidence is the flatness 
of the central plate and perhaps its position with the wide end in front, 
though the last may have little or no significance. There seems to the 
writer Insufficient reason for overlooking the manifest analogy with the 
dorsal shield of Pterlchthys, 

It is only fair to add that Dr. Newberry's opinion above quoted is 
merely provisional and therefore subject to revision. It was moreover 
published before the discovery of the specimen shown at Indianapolis, 
and consequently the evidence much less complete than what we now 
possess. ' 

Prof. Joseph Moore, of Earlhara Ck)llege, of Richmond, Ind., exhib- 
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ited part of tho most nearly complete skeleton of the groat fossil beaver 
(Castoroides ohioen^is) that has yet been discovered. Probably had the 
find been known in time or had the workmen who were digging the 
ditch known the valufi of the bones the entire skeleton might have been 




TokJbiLL'^K Su/ryt^ma 






BURYSOMA NEWLINI, g. and s. n. 

obtained. Soveral skulls and numerous other bones and teeth have 
been discoverod but of this giant among tho beavers our museums as 
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yot possess no perfect specimon though it ranged over a wide area in 
North America. In size it must have been about that of a black bear. 

Mr. C. E. Newlin, of Kokomo, Ind., exhibited some tracings from 
slabs of water lime found in the quarries near that city, which show 
the outlines of several Crustaceans belonging to the genera Eurypterus 
Ceratiocaris. Tliese impressions, for they are scarcely more, have been 
known for eight or ten years past to the workmen as "petrified cray- 
fish" and occur scantily in only one particular ledge of the stone. 
Some of them so far as could be determined by a hasty examination be- 
long «o the species Eurypterus lacuatris. Others apparently differed and 
may prove to belong to species yet undescribed. 

But a few of these fossils differ so far from all known eurypterids 
that they must be regarded as representing another and new genus of 
Crustaceans. The form of the body and the appendages is remarkable 
and very clearly shown. A full description of this fossil is appended. 

Ghenus (Eurysoma). 

Body ovate, narrower in front, abruptly tapering behind into a cylin- 
drical abdomen ending in a spiniform tail. 

Head-shield entire, roundly triangular, bluntly pointed in front. Num- 
ber of segments in thoracic portion uncertain, six visible in the speci- 
mens described, ending on each side in a backwardly directed point. 
Abdominal segments four, subquadrate ; beyond these is a sharply tri- 
angular spine. 




Appendages consist of five pairs of organs the first four of which 
taper rapidly to a point and are furnished on one or both sides with 
spines or spinous processes. The fifth pair or the so-called swimming feet, 
are much thicker and longer than the others and show no trace of chc- 
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lato endings. They are apparently two-Jointed, consisting of three por- 
tions or segments, but in the condition of preservation show no details 
of structure. As in Eurypterus a fringe of stiff hairs or bristles surrounds 
their eyes and perhaps covers the whole surface of these swimming feeU 

EjURYSOMA NEWUNI, s. n. 

Animal measuring over all about 10 to 12 inches or even more in 
length by 4 to 5 inches in greatest breadth. Tlie length may be allotted 
on the average thus: Head-shield, 2 in., body, 3 in., abdomen, 4 in., tail- 
spine, 2 in.; greatest breadth of body somewhat behind the middle. 

Of the appendages the foremost pair is the smallest with about & 
spines on each; the second and largest pair have at least 12; the third 
about 8, and the fourth about 4 spines. From the second the appen- 
dages diminish gradually in size to the fourth. 

The large fifth pair reach only to the hind segment of the body — about 
3 inches — and show merely the details mentioned in the general de-> 
scription. 

lienuirks. — The peculiar form of this Crustacean differentiates it 
readily from the following genera already known from North America^ 

Eurypterus, Amphijyeltls, Pterygotus. 

Euryptcrella. Stylonunw. Dolichopterus, 

Wider still is the difference between it and the family of hemUifqHd»^ 
which is strongly limuloid in appearance, whereas Eurysoma in this 
respect suggests that genus but slightly. BunodclUi Is the only de- 
scribed fossil of this family from N. America. 

It is needless to allude to the genus SlimonUii apparently intermediate 
between Euritptcrus and Ptcrygotua, but of which so far as I am aware 
no specimen is yet known from N. America, or to Echinogyiathus, of 
which only a few fragments are yet known. The differences are manifesto 

The swimming feet of Eurysoina bear a very strong resemblance^ 
however on an enlarged scale, to those of Eurypterus pygmceus of Salter, 
found in the British Upper Silurian and liower Devonian rocks, in con- 
taining only three segments (two joints) and in the unspecialized 
rounded form of the outer ends. 

The condition of the fossils precludes very minute details. They aro 
for the most part merely black impressions on the surface of the gray 
limestone. In some cases a thin scale can be seen, but it exhibits na 
structure. Hence the well known surface marks of the eurypterida 
cannot be expected. The same remark applies to the eyes and the Joints 
of the smaller appendages. The general outline is, however, remark- 
ably sharp and distinct. The figure herewith given is merely a reduced 
copy of a tracing from the rock itself. 

This description has been drawn up from several tracings supported 
by examination of three specimens (all yet known) in the possession of 
Mr. C. E. Newlin, of Kokomo, Ind., after whom the species Is named. 
They were found about three years ago in the Water-lime quarries near 
that city with specimens of Eurypterus and Ceratiocaris. 

Akron, O., Sept i, 1890. E. W. Claypoi^e, 
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Prop. C. H. Gordon, op Keokuk, Iowa, has taken a position 
at the Northwestern University, Evanston, HI. His future work 
will be in natural history and algebra. 

The Fourth Annual Session op the Iowa Academy op 
Sciences was held at Des Moines, Sept. 4th and 5th. Mr. C. R 
Keyes had the following papers : Evolution of Strophostylus, Age 
of the Iowa City sandstones and Notes on the Red Hock sand- 
stone ; Prof. R. Ellsworth Call read the following papers : Two 
Quaternary sections near Des Moines, On a Quaternary section 
eight miles southeast of Des Moines (in connection with Mr. 
Keyes). Prof. J. E. Todd had the following : Further notes on 
the geology of northwestern Iowa, Exhibition of volcanic ashes 
from Omaha, Nebraska, and Shore-lines of ancient glacial lakes. 
Prof. E. H. Barbour had a paper on Varieties and structure of 
oolyte. 

The Summer Meeting op the Geological Society op America 
was held at Indianapolis, beginning Sept. 19. The following 
papers were presented : Recognition of mineral contours in thin 
sections (abstract), A. C. Lane, Houghton, Mich.; Geology of 
southern Indian Territorj^, R. T. Hill, Austin, Texas; The Vita 
crevasse, L. C. Johnson, Meridian, Miss.; The Cuyahoga shale 
and the Waverly problem, C. L. Herrick, Cincinnati, 0.; The 
geotechnic and physiographic geology of western Arkansas, A. 
Winslow, Jefferson Citj', Mo. ; The Appomatox formation in the 
Mississippi emba^nnaent, W. J. McGee, Washington, D. C; The 
Redonda phosphate, C. H. Hitchcock, Hanover, N. H. ; The con- 
tinent and the deep seas E. W. Claypole, Akron, 0.; The Ta- 
conic iron ores of Minnesota and western New England, N. H. 
Winchell and H. V. Winchell, Minneapolis, Minn. 

The Colorado Desert. Mr. C. R. Orcutt, San Diego, has 
lately made an exploration of the arid region that forms the 
eastern portion of San Diego county, Cal. He repoi*ts the existence 
of large quantities of silicified wood, and the discovery of a coal- 
field, which he thinks is extensive and should have the attention of 
capitalists. 

At the last meeting op the American Association por the 
Advancement of Science (Indianapolis), Section E was presided 
over by Prof. J. C. Branner, who delivered an address on the 
Relations of the United States and State geological surveys to each 
other, and to the geologists of the country. The secretary was 
Prof.. S. Calvin, of Iowa City. Following is a list of the papers 
read before the Section : 
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Preservation of glaciated rocks — 15 mln. — By Homer T. Fuller. 
An old channel of the Niagara river — 15 min. — By J. T. Scovell. 
Niagara. A few last words in reply to Mr. G. K. Gilbert's History of 

the Niagara river. — 15 mln, — By George W. Holley. 
A local deposit of glacial gravel found in Park county, Ind. — 10 min. — 

By John T. Campbell. 
Concerning some portions of Castoroides ohioensis, Foster, not hereto- 
fore known. — 20 min. — By Joseph Moore. 
The *' Barking Sands'' of the Hawaiian islands. — 10 min. — by H. Car- 

rington Bolton. 
Occurrence of sonorous sand on the Pacific Coast of the United States. 

— 6 min. — By Carrington Bolton. 
Florid ite, a new variety of Phosphorite found in Florida. — 10 min. — 

By E. T. Cox. 
The Columbia formation in the Mississippi embayment. — 20 min. — By 

W. J. McGee. 
What constitutes the Taconic mountains? — 15 min. — N. H. Winchell. 
The formations and artesian wells of Memphis, Tenn. — 15 min. — James 

M. Saflford. 
Progress in morainic mapping. — 15 min. — T. C. Chamberlin. 
Remarks on construction of topographic maps for geologic reports. — 10 

mln. — Arthur Winslow. 
Notes on the occurrence of Pegmatite in central Missouri. — 5 min. — 

Arthur Winslow. 
The amount of natural gas used in glass manufacture. — 10 min. — Ed- 
ward Or ton. 
Differentiation of subterranean water supplies. — 10 mln. — J. E. Siebel. 
Some of the qualifying conditions of successful artesian well boring in 

the northwestern states. — 10 min. — C. W. Hall. 
A notable dike in the Minnesota river valley. — 5 mln. — C. W. Hall. 
Topographic features of the Arkansas marbles. — 10 min. — T. C. Hopkins. 
The origin of the manganese ores of northern Arkansas and its effect 

on the associated strata. — 10 min. — R. A. F. Penrose, Jr. 
The novaculitc^s of Arkansas. — 15 rain. — L. S. Griswold. 
Subsidence and deposition as cause and effect. — 20 min. — E. W. Claypole. 
On the paleontological and geological relation of closely similar fossil 

forms. — 15 min. — C. A. White. 
The crystalline rocks of central Texas. — 10 min. — Theo. B. Comstock. 
The geology of the Wichita mountains, Indian Territory. — 10 min. — 

Theo. B. Comstock. 
The Silurian system and its geanticline in central Texas and Indian 

Territory. — 10 min. — Theo. B. Comstock. 
Topographical evidence of a great and sudden diminution of the water 

supply in the ancient Wabash. — 20 mln. — John T. Campbell. 
Glacial action considered as a continuous phenomenon, having shifted 

from one locality to another. — 8 min. — P. H. Van der Weyde. 
Geology of Indian Territory south of Canadian river. — 20 min. — R. T. 

Hill and James S. Stone. 
The recent explosion of natural gas in Shelby county, Ind. — 20 min. — 

H. E. Pickett and E. W. Claypole. 
Note on the stony meteorite that recently fell in Washington county, 

Kan. — 3 min. — E. H. S. Bailey. 
The Bendigo (Brazil) meteorite. — 12 min. — By Orville A. Derby. 
A new method of searching for rare elements in rocks. — 6 min. — By Or- 
ville A. Derby. 
Observations on the genesis of certain magnetites. — 10 mln. — By Orville 

A. Derby. 
Mcphclinci-boaring rocks in Brazil. — 10 min. — By Orville A. Derby 
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THE TACONIC IRON ORES OF MINNESOTA AND 
OF WESTERN NEW ENGLAND.* 

By N. H. WiNCHBLL and H. V. Winchsll, Minneapolis. 

In the course of an investigation and report on the iron ores of 
Minnesota we have learned that there are five principal kinds of 
ore, and that while they differ mineralogically one from the other, 
and are associated with different mineral species, they also belong 
to different geological horizons. These five ores are as follows: 

1. The hematites and limonites of the ^^Mesabi range," the 
equivalent of the manganesic hematites of the Penokee-Oogebic 
range in Wisconsin. 

2. The gabbro titanic magnetites, whose stratigraphic place is 
near the bottom of the rocks of the Mesabi range. 

3. Olivinitic magnetites and sometimes sulphur-bearing quart- 
zose magnetites, whose place is just below the gabbro eruptive 
rock, and in the basal portion of the Mesabi rocks. 

4. The hematites and magnetites of the *' Vermilion range, " 
extensively worked at Tower, belonging in the Keewatin forma- 
tion. 

5. The magnetites of the crystalline schists belonging in the 
Vermilion formation. 

In our discussion of these ores we have attempted to indicate 
their probable equivalents, as to quality and stratigraphic horizon, 
in Canada and the eastern portion of the United States. We have 
little or no difficulty in designating those ores which, in strati- 

♦Read before the Geological Society of America, Indianapolis, August 
22, 1890. 
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graphic i)08ition as well as iu metallurgical quality, are the prob- 
able parallels of the northwestern ores. These discussions and 
comparisons will appear in a forthcoming bulletin ( No. 6 ) of the 
Minnesota geological survej'. 

In the consideration, however, of the ores of the Mesabi range, 
we have been led into a somewhat extended re-examination of the 
literature of the ores of eastern New York and western New Eng- 
land, and we desire to call the attention of geologists to some of 
the results. 

We have for some time considered the Mesabi hematites and 
limonites, which are the unquestioned equivalents of the man- 
ganesic hematites (with small amounts of limonlte) of the Peno- 
kee-Gogebic range on the south side of lake Superior, as belong- 
ing in the primordial zone of the stratigraphic scale. It is not 
likely that any one will question this conclusion, as it has lately 
been confirmed by the discovery of primordial fossils in the Ani- 
mike rocks of this region at points a few miles north of the inter- 
national line. The fossils have been examined and pronounced 
upon by Prof. G. F. Matthew. * It is in connection with the ores 
that occur in these rocks (making the Mesabi iron range of Minne- 
sota), which we designate Taconic, that we desire to offer some 
remarks touching their probable eastern equivalents. 

We were at once struck with their general appearance of paral- 
lelism with the Taconic ores of western New England. This gen- 
eral appearance is found to characterize them as ores, and as 
parts of their associated geological terranes. For instance, if we 
consider their quality, they are both characterized as limonltic 
hematites, easily mined, and often manganesic, and they have 
each been traced back to a carbonate as their original condition. 
The early speculation of Dewey that they are of derived origin, 
was seconded by the elder Hitchcock with a designation of the 
nature of that original condition, and has been followed by Dana, 
and lately by Irving and Van Hise and J. P. Kimball, in almost 
a complete demonstration that the ore of this geological horizon, 
or of these two horizons, was at first in the form of some carbon- 
ate, which was largely carbonate of iron. The removal of the 
carbonic acid, resulting in the oxidation and concentration of the 
iron by surface waters, has caused locally large deposits of rich 
iron ore. 

*Am. Jour. Sci. (3), xxxix, 145. 
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If we consider f urtlier this general appearance of parallelism, 
in respect to their associated rock-strata, we find also a striking 
similarity. We know that the western ores of this horizon are 
uniformly found in close association with a dolomitiq limestone, 
which is often quite siliceous, or ''cherty." It often embraces 
lumps and apparently angular pieces of flint and jasper of bright 
colors. It has been described at some length by Irving and Van 
Hise in their late discussions of the iron ores of Wisconsin.* 
They estimate that this limestone is sometimes 300 feet thick, 
and that in other places it apparently is wanting. It has been de- 
scribed as marble where it appears at Menominee, but generally it 
is not in sufl^ciently large and even masses or beds to warrant that 
designation. It also appears at the same stratigraphic horizon in 
Canada, according to the descriptions of the Thunder Bay region 
by the Canadian geologists. In Canada, however, and in north- 
eastern Minnesota, it has not attracted so general attention, either 
because it is not so largely developed, or because it has not yet 
been discovered in outcrop on so large a scale. Underneath this 
limestone, in Minnesota, is a conspicuous and persistent quartzyte 
which sometimes is vitreous. This is cut and inte^beddeil with 
gabbro, and in large tracts is immediately overlain bj- the great 
gabbro sheet of that part of the state. This (juartzyte has an ol}- 
served thickness, in Minnesota, of not over 300 feet, but it may 
be over 500 feet thick. In Wisconsin it is estimated at 300 feet. 
Overlying the limestone, at least at a higher stratigraphic horizon 
(though the limestone may be wanting where this observation was 
made) are other quartzose strata, differing considerably from the 
lower quartzyte in being finer grained and ^often with limonitic 
streaks. Overlying all these strata are black slates with inter- 
bedded trap^, passing upwanl into the quartzytes and traps of the 
Cupriferous (Keweenawan) formation of lake Superior. 

If we compare this succession of strata with that of the Taconic 
region of western New England we are at once impressed with the 
close resemblance. Overlying the Arehean of the Green moun- 
tains is the great 'Agranular quartz," which has lately been shown 
by fossils to belong in the Primordial zone,** and which Dr. Em- 
mons put at the base of his Taconic system. Above this is the 
great marble belt which Prof. Dana has traced from central Ver- 

♦Am. Jour. Sci. (3), xxxvii, 32. 
**C, D. Waloott, Bun«-tin No. 30, U. S. Gool. Survoy. 
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mont to New York city, and which at Cortland is overwhelmed, 
along with the underlying quartzytc, by the gabbros of the Cortr 
land series. This limestone Dr. Emmons styled Stockbridge lime- 
stone, and in his scheme he considered it as immediately superja- 
cent to the granular (quartz. It is in this limestone, or in imme- 
diate proximity to it, that occur all the iron beds of western New 
England, and of Dutchess, Columbia and Rensselaer counties in 
New York. Prof. Dana has called attention to this association. 
Dr. Hitchcock had done the same earlier. That this limestone, 
which furnishes lai^e quantities of marble, which holds the 
limonitos of the region, which immeiliately overlies a great 
quartzyte which is primordial, which has a dolomitic composition, 
and wliich is overwhelmed with a gabbro outburst, should have an 
exact parallel in all these respects in the northwest is certainly a 
remarkable coincidence of geological data that demands close at- 
tention. Ttiese are the general considerations that impressed us 
with the probable parallelism of the Taconic ores of Minnesota 
with those of western New England. 

But we meet here the obstacle, that Prof. Dana has investi- 
gated the Stcykbridge limestone, has traced it into immediate con- 
nection with fossiliferous limestone, and that the fossils there 
found were tliose characteristic of the Trenton limestone. He has 
pronounced the Stockliridgc limestone identical with the Trenton- 
Chazy-Calciferous. In more recent times Mr. C. D. Walcott has 
come to the same conclusion. We need not refer specifically 
to their papers. They extend in the volumes of the American 
Journal of Science from 1872 to 1880. The mainspring which 
actuates them all is. apparently, the overthrow of the Taconic 
system. 

We were forced, therefore, either to seek for some other explana- 
tion of this coincidence, or to abandon the effort to find an eastern 
representative of the western Taconic ores, or to correct the in- 
terpretation which had ]>een put on the stratigraphy of one or the 
other. 

To attempt to explain this coincidence, on the supposition that 
the limestones and (luartzytes concerned are on separate horizons, 
without an investigation of the evidence, was to traverse the man- 
ifest (liotatca of human intelligence. To abandon the effort to 
suggest a probable eastern representative of the Taconic ores of 
the northwest, in the presence of strongly suggested equivalents, 
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notwithstanding the necessity of a laborious reconsidering of the 
whole (|uestion, both in the west and in the east, was to make a 
hiatus in our investigation, and was to quail at the appearance of 
added work. We therefore decided to undertake to examine the 
problem again. It was divided into two parts and pertained to : — 

1 . Can there be any mistake in the stratigraphy of the North- 
west, such as would, if corrected, allow of this quartz^iie and this 
limestone (and particularly this limestone) being put into the 
strata of the second fauna ? 

2. Can there be any mistake in the stratigraphy of western 
New England which, if corrected, would allow of the Stockbridge 
limestone being put into the primordial zone ? 

It did not require a moment to answer -the fonner question. 
There is no geologist who has examined the rocks of lake Su- 
perior who would not at once scout the idea of the Trenton tige of 
any limestone in northeastern Minnesota. No one has ever sug- 
gested such a possibility. 

We were therefore forced to seek for possible mistakes iu the 
stratigraphy of western New England, as recently interpreted by 
Messrs. Dana and Walcott. 

At the outset we find great confusion in the stratigraphy of 
western New England. If there be any part of the world where 
the strata have been variously interpreted, it is the Tacouic re- 
gion. Dr. Emmons' scheme was opposed by an influential school 
during his lifetime, but was virtually accepted when Barraudo and 
Billings espoused his views on paleontological gi'ounds. There 
were so many apparent irregularities and exceptions, not to saj* 
errors, in the stratigi-aphy of Emmons, that Prof. Dana ro^^ewed 
the whole field on lithological and general stratigraphical lines and 
reachetl the conclusion that Emmons was wholly wrong, and that 
the Taconic system had no actuality as a sub-Silurian (Primordial) 
terrane, but that all the rocks included in it were of the ago of the 
Champlain system of New York. Again, anil lastly, Mr. Waloott 
has gone over the ground, in some parts of the field, and has 
found fossils enough to esUiblish a great primordial (sub-Silurian) 
series, correcting Dana in respect to the quai1;zyte and the • • irreat 
central slate b«lt," but approving Dana in respect to the Stock- 
bridge limestone. 

Now, it is this final conclusion, respecting this limestone, to 
which we wish to direct your attention. Does it belonj^ chronolog- 
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ically immediately above tiie quartz^'te, and thus near the base of 
the primordial, or does it belong in the zone of the second fauna, 
the ecjuivalent of the Trenton, or the ' * Trenton-Chaz^'-Calcif- 
croiis ? " 

It is but just to Mr. Walcott to state that he did not give much 
attention to the stratigraphy of the eastern portion of the lime- 
stone Ijelt in A'ermont and Massachusetts, but accepted, and ex- 
pressed on his map accompanj'ing his last papers in the American 
Journal of Science,* the conclusions of Prof. Dana, who, again, 
accepted and perpetuated the conclusion of Rev. Mr. Wing, to the 
effect that the Stockbridge and Sparry limestones are the same 
stratum, in general, and that the differences of lithologj', as well 
as the noticeable lack of fossils in the Stockbridge, or eastern 
belt, are due to greater metamorphism toward the east. 

In considering the possible distinctness of these two limestones, 
there are some things that must be accepted as facts that cannot 
be questioned. In general, all those facts of observation that 
have been stated by good geologists have to be admitted. It is 
only when inferences have been drawn from the facts which the 
facts do not prove, that we are at liberty to suggest other infer- 
ences. 

To begin with, then, we must admit there are sufHcient facts al- 
ready publisheil by Messrs. Wing and Walcott to prove the exist- 
ence of the Trenton limestone in the region, and we may admit 
that it seems very likely that the Sparry limestone of Dr. Emmons 
is of the age of tlie Trenton. The question to be considered next 
is this : Is there any sufiicient proof that the Stockbridge limestone 
passes into and becomes this Trenton limestone? 

We remark at once the absence of fossils from the Stockbridge 
limestone, throughout its extent in Massachusetts, where it is 
known to be of tiie same horizon. We also notice that in all the 
Tacoiiic region, extending from the northern part of Addison 
county, Vermont, through Massaclmsetts into Connecticut (and 
farther south) there is almost a total lack of recorded fossil locali- 
ties in the area of what may be considered the Stockbridge lime- 
stone. The fossils that have been found are mainly along the 
western border of the Taconic range, or are in the ^Mnagnesian 
slaUr' which constitutes the Taconic rant^fe. 

We also notice that the line of limonite ore mines, as marked 

*()]>. Cit. Vol. XXXV. 
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on the geological map of Vermont by Dr. Edward Hitchcock and 
considered by him a belt of Tertiary age, runs along the eastern 
edge of the limestone area and not far from the western edge of 
the quartzj-te area, thus coinciding with the possible strike of a 
limestone of the age of that which accompanies the Taconic ores 
in Minnesota and Wisconsin. 

We note next the existence, in northern Vermont, of another 
limestone which also has furnished a large amount of marble — 
known as Winooski marble. According to Mr. Walcott this lime- 
stone lies below the Olenellus fauna, and has not yet furnished 
any characteristic fossils. * He also says it is over seven hundred 
feet thick (reaching 1,000 feet) and is overlain conformabl}^ by 
8,000 or 9,000 feet of slate and schists; and in other places he 
estimates these schists at 14,000 feet, and refers them to the great 
Georgia formation. The query naturally arises — may not the 
Stockbridge marble be on the horizon of the Winooski marble ? 
And may not the schists and slates that make up the Taconic 
mountains — its conformable companions — of the Georgia forma- 
tion? In the Winooski region, at any rate, there is a marble 
formation directly overlain by nine thousand feet of primordial 
slates and schists belonging to the Olenellus fauna. We notice 
that in continuing southward, while tliese schists expand into a 
great area, and really come to make the Taconic range of moun- 
tains, the underlying limestone, according to Wing, Dana and 
Walcott, disappears entirely ; and although there is a great non- 
fossiliferous marble belt, the limestone which constitutes it is, on 
the same authority, of Lower Silurian age and overlies the same 
schists and slates — at least is of more recent date, although over- 
lain by a second series of schists and slates. Tliere is, therefore, 
no unreasonableness in suggesting that the Winooski marble may 
•continue southward and deploy out on the flanks of the Green 
mountains, canning with it its conformable companion, the 
Georgia slates and schists. We may go further and aflh'm that, 
in the absence of proof to the contrary, the Winooski marble 
would be likely to extend southward. Its extension southward 
would be in a direction parallel with the folds of synclinal and 
anticlinal axes. If the supposed extension were across such pre- 
primordial axes there would be reason to expect some of them 
might cut it off. We have, therefore, in addition to the certiiintj' 

♦Am. Jour. Sci. (3), xxxvil, 384; xxix, 330. 
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of the presence of the Trenton limestone in southern Vermont, tiie 
probability also of the presence of the Winooski marble. 

We next proceed to consider the question in the light of posi- 
tive facts bearing on the probable existence of the Winooski lime- 
stone in central and southern Vermont and in Massachusetts. 

Wc find the earliest evidence comes from the researches of Mr. 
Wing, as presented by Prof. Dana. 

We take up first those facts that tend to prove the existence of 
only one limestone, and afterward those that tend to show the 
presence of two. 

1. Facts tluit indicate the presence of but one limestone. All 
these facts have been interpreted by Mr. Dana, and accepted by 
Mr. Walcott, as proving satisfactorily that there is but one lime- 
stone. 

(a) Fossils at West Rutiand. Great stress has been laid on 
this discovery by Mr. Wing. But if the description be examined, 
in connection with its accompanying map,* it will be seen that 
the evidence is far from conclusive. The fossils are all in a oom- 
paratively narrow limestone belt, which is isolated entirely from 
the principal marble belt. The beds all dip east toward the 
quartzyte, and the appeamnce indicates that they pass below it 
They cannot, however, pass below it since the quartzyte is in the 
l)ottom of the primordial, according to Walcott, and the fossils 
discovered by Mr. ^\'mg are of the age of the Trenton. There is, 
therefore, proof of general irregularity at West Rutland, such that 
the dip and the relative position cannot be taken as indices to 
clironologic sequence. Therefore the eastern belt of limestone at 
West Rutland cimnot be assumed to be the same stratum as that 
containing tlie fossils. Indeed Mr. Wing particularly emphasizes 
tlie fact that after search along the strike northward the 'West 
Rutland limestone ceases, and the upper and lower slate belts 
come together in the same manner as on the south. In this re- 
spect he connects the official geological map of Vermont. 

(b) Fossils at Sudbury. According to DanA this limestone area 
is a nanx)w isolated belt similar to that at West Rutland,** or has 
a naiTOW connection with it. The fossils indicate it is also Tren- 
ton, but there is no evidence that it is connected with the great 
eastern marble belt. 

♦Am. Jour. Sci. (3), xiii. 334. 
**Am. Jour. Sci. (3) xiii, 33l». 
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(c) Fossils at Huhhardjton and West Casthton, These are also 
far west of the great marble belt and in the midst of the * * great 
central belt of slates," in narrow belts of limestone, one being but 
sixty yards wide. There is here no connection with the great 
marble belt. 

(d) Fossils at East Cornwall, The fossils identified here by 
Billings show the Trenton limestone. But this is also on the 
course of the great slate range, and seems to be aflfected by some 
irregularity similar to that at West Rutland, since the strata all 
dip eastward, and are represented to pass below the quartzyte. 
The fossils in Shoreham, West Cornwall and Orwell, reported bj- 
Mr. Wing, while probably showing the Trenton limestone, are too 
remote from the marble belt to be considered, in this inquirj', as 
affording any demonstration, one way or the other. 

(e) According to Mr. Wing's observations, the limestone con- 
taining Trenton fossils along the east side of the slate belt in the 
Otter creek valley, continuing northward from West Rutland, 
passes in an unbroken area in the northern part of Sudburj- , round 
the northern end of the slate belt and unites with a similar lime- 
stone on the western side, and thence passes southward through 
western Weybridge and Cornwall, having slates above it which he 
refers to Hudson River slates. Whether this be correct or not, 
(and we have no disposition to question it) the eastern belt of 
marble continues uninteiTuptedly in a belt further east, and 
wholly on the east side of Otter creek, and runs further north, 
into Monkton, forming an independent northward prong, like that 
of a separate formation, accompanied all the way by the belt of 
iron ores, as represented on the geological map of the Vermont 
survey.* The synclinal therefore, that is described here by Wing 
and by Dana, may consist of the Trenton, overlain by the Hudson 
River slates, but that will require a correction of the late map of 
Mr. Walcott, for he has colored these slates as of the Georgia 
(Olenellus) formation.** At any rate, so long as Mr. Walcott 
differs from Mr. Wing in the interpretation of this suppose<l 
s^^clinal, Mr. Wing's reasoning and his observations cannot bo 
taken as demonstrating the identity of the two limestones, which 
is the only point we wish to make at this place. 

*It probably runs below thp red sandrock in* Monkton, while the 
other limestone terminates in a flattened synclinal by the rising of thc^ 
red sandrock underneath it in the same town. 

*♦ See his map, Vol. xxxv, 346, Am. Jour. Sci. 
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(f ) Fossils in Nexo Haven. So far as these are determined they 
depend on very imperfect specimens, and as thej' are in beds that 
underlie some quartzyte, and which appear to be of the Winooski 
marble series (Dana) they do not have any affirmative bearing on 
the existence of the Trenton limestone. 

(g) Fossils discovered hy Mr, Walcott. So far as the new local- 
ities of Trenton fossils, lately brought to light b}' Mr. Walcott, 
have a bearing on this question, they are those wliich are nearest the 
eastern marble belt, viz. : those on Ml Anthonv and those in PownaL 

Those fossils discovered in Pownal are taken to be from the 
Stockbridge limestone, or from the ** eastern belt" of limestone; 
and as they concur in testimony with those from farther north on 
the western side of the Taconic range, Mr. Walcott makes the un- 
qualified affirmation (A. A. A. S., 1887, 213) that the Stockbricfee 
limestone is of Trenton age. We cannot accept the inference, be- 
cause we find reason to believe the Stockbridge limestone is not 
there represented. Any one examining Mr. Walcott's map will see. 
that tliere is at that point an abrupt jog to the eastward in all the 
formations. Coming from the north the belt of the quartzyte is 
suddenly broken off and does not appear except at several miles 
further to the south and east. The eastern belt of limestone in 
the same manner jogs several miles abruptly to the east, while the 
western belt ceases in the line of its regular trend and is thrown 
into the line of sti-ike of the eastern belt. Whether there be at 
the same time a sinking of the Stockbridge limestone so as to allow 
the Trenton to make the surface rock (as is quite probable, regard- 
less of the eastward jog ), is immaterial. It cannot be denied that 
quite suddenly and singularly all the formations are jogged out of 
their coui*ses, a remarkable fact to which Prol Dana has called at- 
tention. In general the Taconic range of hills runs through here, 
and some of these hills seem to be formed of synclinals of the 
Hudson-Trenton terrane, as represented, but the existence of the 
Stockbridge limestone in these hills is far from proven. 

Those fossils that are reported by Mr. Walcott from Mt. An- 
thony, and specially those from Graylock, are subject to the same 
explanation. Those found even on the east side of Mt Anthony 
leave room still for tlie strike of the Stockbridge limestone along 
east of Mt. Anthom^ according to the coloring of Mr. Walcott's map, 
and Dr. Hitchcock's maj) represents it as continuous through Ben- 
nington and Pownal, accompanied by the iron-ore belt. 
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(h) Fossils discovered farther south. Some of the limestones 
farther south are proven by fossils to belong to the primordial, 
and some to the Trenton-Hudson terrane. But onl}' on very gen- 
eral considerations could either of these be claimed to be the repi^e- 
sentative of the Stockbridge limestone. So far as this evidence 
goes it demonstrates the existence in Dutchess county of a lime- 
stone on about the same geological horizon as the Winooski lime- 
stone, and also on the same horizon as the West Rutland lime- 
stone, and it leaves us to infer that both of these limestones con- 
tinue in the line of strike between those points. 

2. Facts that indicate the presence of two limestones. If we 
seek for the positive facts that go to show that there is another 
limestone horizon, much lower than the Trenton, running through 
western Vermont and southward, we get the first evidence ( inde- 
pendently of Hitchcock and Emmons) again from Mr. Wing, and 
secondly from the stratigraphic descriptions of Prof. Dana. 

(a) Facts from Mr. Win^. It should be borne in mind that by 
the discover}' of fossils in the quartz^te Mr. Walcott has demon- 
strated that it belongs in what he called middle Cambrian (Olenel- 
lus zone), but which he has later ascertained to be the lowest of 
the sub-faunas of the <* Cambrian. "* Therefore, there must in- 
tervene between it and the Trenton, not only the Winooski lime- 
stone, but the great Georgia formation, an interval that measures 
in Vermont at least 15,000 feet of sediments. 

We find that Mr. Wing describes the quartzyte as interstratijied 
with the overlying limestone. This he does not once, nor twice, 
but commonly, and wherever he speaks of the contact of the two 
terranes.** This is clearly brought out by his diiigrams, and par- 
ticularly by that giving a section from East Shoreham on the west 
to Leicester on the east. Whatever mav be the errors of strati- 
graphy farther west, which might be demonstrated respecting this 
diagram, thei'e can be no question about so simple a point as the 
interstratitication of a limestone with a sandstone, which is repre- 
sented as occurring near lake Dunmore in Leicester. It was near 
this place (lake Dunmore) that Mr. Walcott found primordial fos- 
sils in this quartzyte. There could be no stronger evidence not 
only that these two are of one age (and not one primordial and 

♦Position of Iho Olonolhis fauna in North America, Am. Jour. Sci. 
xxxvii, 374. 
**Ara. Jour. Sci. xii, 340. 407, 414. 
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the other Trenton), but that they both belong in the primordial 
zone. 

(b) Facts from Prof. Dana, Some of the localities described 
by Mr. Wing were visited b}^ Prof. Dana,* who has given his own 
diagrammatic sections of the relations of the limestone to the 
quartz}i;e, and has shown the same interstratification. Some such 
sections were made in New Haven and in Monkton ; and his con- 
elusion is to the effect that the Eolian limestone** includes *'e\-en 
limestones and dolomites of the red sandrock series" — i. e., may 
contain limestones belonging in the Olenellus zone. 

(c) We might mention here the fact that an «< Olenellus lime- 
stone " has recently been described by Prof. D wight, in Dutchfess 
county, N. Y. , overlying an * * Olenellus quartzyte " (Am. Jour. 
Sci. xxxiv, 30) ; and that it occupies the area which Prof. Dana had 
colored on his map as Trenton-Chazy-Calciferous. This onl}- in- 
ferentially bears on the question of the extension of a primordial 
limestone from central Vermont to Dutchess county. 

With this we think we have shown the interesting fact that there 
is a primordial limestone in western Vermont, the probable equiva- 
lent of the Stockbridge limestone, and that to it belong the numer- 
ous limonitic iron deposits of the Taconic region. There is, there- 
fore, no good reason for rejecting the idea which we first enter- 
tained, viz., that the iron deposits of the Taconic rocks in Minne- 
sota (the Mesabi ores, excepting the titanic gabbros) are on tlie 
same stratigraphic horizon as the Taconic ores of western New 
England. 

There are some corollaries that spring from this result, to 
which we might call attention, but we will mention only one : It 
retains the Stock])ridge limestone in the primordial zone as a dis- 
tinct teiTanc immediately overlying the quartzyte, or granular 
quartz, in the exact place assigned it by Dr. Emmons in his 
Taconic system. , 

Minneapnlis, August^ ISOO. 



*Am. Jour. Sci., xiii, 407-401), 411. 
**This was tlie name applied by Hitchcock to the whole Vermont 
marble belt, on the ground that it was essentially one formation. 
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THE STRUCTURE, CLASSIFICATION, AND AR- 
RANGEMENT OF AMERICAN PALAEOZOIC 
CRINOIDS INTO FAMILIES. 

By S. A. MiLLKB, Cinciuuati. 

There have been descTn)ed from Nortli American paleozoic 
roc'ks, 1,100 species of crinoids, which are referred to about 110 
genera. The arrangement of these genera. into families, based 
upon uniform and consistent rules, is the object of this article. 

When T published my work on North American Geolog}' and 
Pah^ontolog}', I proposed a few new family names, but, as my 
object then was to present the state of the science as it existed, 
and not to write an original treatise on any one branch, I generall}- 
followed the classification of others, and, as the^' were not in ac- 
conl as to family characters, the families, as there given, are not 
of equal value. The new family names which I proposed wei-e 
not defined and hence were used only provision^illy, and because I 
could not refer the genera to families that had been limited and 
defined. Indee<l, I did not have the time to properly classify the 
genera into families, nor access to the fossils for the purpose of 
verif>'ing such classification if I had taken the time from other 
duties. Since that work was done, 1 have had an opportunity to 
inspect a large lot of crinoids from Mr. Gurley's collection in ad- 
dition to those in my own cabinet, and to review the various sys- 
tems of classification in use in this countr}', and now proix)se to 
present my views of family classification. 

T would desire to state, in the first place, that, in manv in- 
stances, I do not agree with the views of Wachsmuth and Springer, 
as to famil}- characters and the classificatory value of the struc- 
tural parts of criniods, and while I may refer the same genera to 
some families that they do, yet the reasons therefor are not the 
same. I believe families should be established uix)n the structui-e 
of the cah'x, and, for this purpose, the number of the basal 
plates is first in importance ; second in importance is the presence 
or absence of subradials ; third the presence or absence of regular 
interradials, and. after this, comes the structure of the azygous 
side and other parts. For the purpose of showing how radically 
we differ, I will quote a few sentences from their work on the 
Palaeocrinoidea. 



276 The American Geologist. Nov. isoo 

' * A sulxlivision according to the number of basal plates may 
facilitate elemcntarj' studies, but it is certainly not a natural 
classification. ' 

• * In the first part of this work we have discussed somewhat 
fully the relations of the underbasals which we took to be the 
product of growth in geological time, introduced gradually b}' 
Interpolation between the basals. It is verj' remarkable that al- 
though the introduction of underbasals dates back to the Lower 
Silurian, as a rule the genera in which those plates are found differ 
at no time materially from those in which they are wanting. " 

We have in the introduction to this work, page 17, dwelt at 
some length upon the basals or first ring of plates below the 
radials ; and believe we have shown that the basal disk, whether 
iH^mposed of one, two, three, four or five pieces can almost inva- 
riably be reduced to five elementary' pieces, and that all devia- 
tions from this number have l>een produced by anchylosis of two 
or more of the original segments. This of itself is a strong argu- 
ment against a classification based uix)n the number of these 
plates." 

' * It is apparent from these facts that neither the existence of 
underbasals, nor the modifications which took place in the basal 
disk, had any such corresponding effect, ujwn the general struc- 
ture of the crinoids, as to entitle them to be considered characters 
of family importance, though in distinguishing subordinate groups 
thev may possess some value. The radial and interradial plates 
are elements of far greater value." 

They maintain that * * a character in fon^s of the same geolog- 
ictil age may be generic in one case and only specific in another, " 
that ^-arm stnuiture is of generic importance as a rule, but 
scarce!}' of specific value in exceptional cases." To neither of 
which \iews do I subscribe. So many of the opinions presented 
in the first part of the Palaeocrinoidea are withdrawn or declared 
to be erroneous in the tliml part, and in subsequent papers, that 
one cannot be certain, when quoting their expressions, that he is 
really giving their latest views, unless he is a constant student of 
their productions. For instance, the groove in the arms of crinoids 
was almost universally covered with small plates whether the anus 
had pinnules or not, but in the first part of their work they say : 

• ' It is here important to note that in those genera in which the 
ambulacral grwjve is thus covered, no regular pinnules have ever 
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been observed, and moreover the construction is such, that no ad- 
ditional pinnulse could have existed ; while on the other hand, no 
covering has ever been discovered in forms with true pinnulse. " 

After I described the plates covering the ambulacra! grooves, 
in Glyptocrinus, notwithstanding the long flowing pinnules, I be- 
lieve tliey modified their views, but, at present, I have no refer- 
ence to the revised opinion. Their greatest mistakes seem to me 
to have arisen, however, from the use of the mongrel word 
^' underbasah,'' and a complete misconception of the purposes 
subserved, in the animal economy, by the plates referred to, and 
the consequent neglect to give the basal plates the examination 
their importance demanded. They frequently discuss * * rudimen- 
tary underbasals, " when no sucli thing was ever found in a 
palaeozoic crinoid, and from the structure of the calyx, and pur- 
poses subserved by the basal plates, ** rudimentary underbasals'' 
never could have had an existence in any of them. For instance, 
they say on page 7, 2d part, ** Glyptocrinus was originally de- 
scribed with five basals and no underbasals. Hall afterward dis- 
covered in G. decadactylus, small pieces concealed in the basal 
cavity, so rudimentar}', however, that both he and Meek hesi- 
tated to call them basals, although both authors apply that term 
to the proximal plates in all other c^ses. Meek distiuguislied 
them as * « subbasals. " We have examined the plates in question 
very carefully in the species named, and find tliem, although verj- 
rudimentary, placed within the basal ring ; hence tliey are accord- 
ing to our terminology', true underbasals, and not as Hall describes 
them a * quinquepartite ' upper joint of the column ; " ^nd again, 
on page 186, 2d part, ** Glyptocrinus ditfei-s f rom Glyptaster in 
having rudimentary instead of moderately develoi)ed underbasals. " 
After I had shown that there were no such plates in Glyptocrinus, 
they admitted on page 102, 3d part, that the absence of under- 
basals in this genus * * is clearly proved. '* 

They said of Heterocrinus in the first part of Palaeocrinoidea : 
* * The absence of underbasals in some of the species is a good 
illustration of our views that the underbasals do not constitute 
elements in the stnicture of the Palfleocrinoidea, but are merely 
the result of growth in geological time. " Again they say : * <Under- 
basals, minute, in some species almost undeveloped, and appear- 
ing externally as subtrigonal points at the lower end of the 
sutures between the basals ; in some species apparently wanting 
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cntiixjl}'. " But in the third part they state correctly that there 
arc no underbasals in Heteroerinus, and having studied the 
gcnem Ixilonging to the Hcterocrinidae, they defined them as 
monocyclic. It will be readily seen that where such crude and 
erroneous notions exist about the principal plates of a criuoid, 
and the same plates bear two different names, the family classifica- 
tion must be imperfect, and governed by the whims of the various 
autiioi's. 

P. HerlHjrt Carpenter had an opportunity of studying some liv- 
ing crinoids, after which, in his abuse of Dr. Hambach, of St 
Louis, he reasoned, through that conduit of English ignorance 
and conceit, '* The Annals and Magazine of Natural History,'' as 
follows : 

* * I have the strongest conviction that the would-be interpreter 
of extinct fossil forms starts at a very serious disadvantage, if he 
does not commence by obtaining the best possible information 
about the morphology of their nearest living representatives. 
( As I have done. ) In order to understand, even with an approx- 
imate degree of correctness, extinct groups, such as the blastoids, 
merostomata, dinosauria, and others, a far more extensive ac- 
quaintance with the recent members of the same subkingdom is 
necessary than for the interpretation of fossil brachiopoda, sponges, 
corals, mollusca, and fishes, the morphologj' of which cannot 
have differed in anj- important respect from that of the recent 
species. Without such a preliminar}' study, no collector, how- 
ever zealous, can hope to arrive at any rational conclusion ( as I 
can ) about the functions of the different structures which he may 
discover by the careful examination of his fossils. " 

I have inserted the words in parenthesis to smooth down the ap- 
plication to ])r. Hambach, who was completely undone b}' this 
style of reasoning, for he thought his ** extinct fossil forms" 
were living fossils, until P. Herbert Carpenter told him most em- 
phatically, in parenthesis, that * * Mr. Hambach has never seen a 
living blastoid. " 

As examples of the effect his study of the * * living represent- 
atives " has had on his '^ understanding " of the ** extinct fossil 
forms." wc may refer to his morphological statement that H3'1k>- 
cystites combines blastoid rather than cystidean characters, with 
those of crinoids. That Haplocrinus is a s}Tion}Tn for Hybo- 
crinus, notwithstanding there is onl}' one azygous plate in the 
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former, while there are two in the latter, and other important 
structural differences, and he at once proceeded to redefine the 
latter genus so as to include the former. Speaking of Xenocrinus, 
he said • * I cannot help suspecting that a better knowledge of this 
type ( Xenocrinus ) will lead to its absorption into Retiocrinus. " 
He said, *^Hybocrinus is a crinoid of very embrj^onic type. 
The relatively large size of the basals and the retention of the 
anal plate, togetlier with the simplicity of its arms, and the ab- 
sence of pinnules, all indicate its low stage of organization. ** lie 
regarded Barocrinus " as a permanent lan'al form, which has onl}' 
developed three of its five arms," and Haplocrinus is a ** persist- 
ent larval form." Wetherby illustrated and described the upper 
azygous plate of HylxKjrinus as - ' rounded arid crenulated at its 
distal extremity as well as much thickened ; " this tlie doughty 
Carpenter disposed of by sajing he had received a specimen from 
Mr. Wachsmuth on which he could * ' make out little or no trace 
of crenulation. " 

It would not be necessary to point out his illiteracy, for he 
even uses capital letters for specific names, or lower case as it may 
happen, showing his want of a common knowledge of grammar, 
and i-ecklessness in the symmetry of nomenclature, were it not 
for the fact that a mutual admiration society sprang up between 
him and Wachsmuth, and Wachsmuth adopted many of his 
blunders and republished them, thus giving currency to them 
throughout the country and injuring the progress of knowledge. 
It is true that Wachsmuth lias refuted some of his vagaries and 
unwaiTanted conclusions, but he adheres to many of his innova- 
tio\is in nomenclature, though unwilling to go so far as to call all 
the regular interradial and vault plates oral plates and all the 
azygous plates anals. 

The basal plates of a crinoid rest directly upon the column and 
are truncated by the columnar canal, around which the animal was 
attached by ligaments, the scars of which arc very frequently pre- 
ser\'ed. ■ The subradial plates are never basals nor are the}' in any 
sense homologous with the basals. In 1879, P. Herbert Carpen- 
ter disregarding the original definition and illustration of Hetei-o- 
crinus by Hall, and the equally plain illustration and positive 
statement of Billings, that there were no subradial plates in the 
genus, or not having the sense to understand an illustration 
and definition, asserted there are subradials in Heterocrinus 
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and proposed to call the subradials, which had no existence, the 
*' basal " plates because he said they were the genital plates, and 
the basals he proposed to call the * * underhasah " a mongrel word, 
part English and part Latin. This was a case of pure ignorance, 
assumption and conceit Only one overgrown with self-conceit 
would propose to change the nomenclature in any branch of Nat- 
ural Historj^, where no change is demanded in the interest of 
science, and only the most illiterate would propose in science a 
mongrel word formed from two languages, and only the most 
ignorant would select for the application of a new term, an object 
which has no existence in nature whatever. The assertion that 
the subradial plates in any palseozoic crinoid are genital plates is 
purely gratuitous, 'and not warranted by any of the known facts 
relating to crinoids. It would have been equally as correct if he 
had asserted that the subradial plates were the seat of the soul, 
and he might have fortifieil the assertion by claiming that he bad 
seen the blue ethereal substance floating around them. We were 
surprised however that he coined the word from English and Latin 
for he affects profound learning in the German, and like the p)oli- 
tician enamoiu^d during a campaign of the ' < sweet German ac- 
cent," he frequently quotes snatches from German authors to make 
his usually poor English more incomprehensible. That he did not 
propose ^ ^ unterhasals " for the basal plates of a crinoid and thus 
make himself strong with the Germans may have been an over- 
sight, but if he had known the Indian tongue, he would have 
done himself proud by calling the basal plates * ^haiapostlukhasals, " 
and he could have strengthened his position by commencing the 
word witli a capitiil letter, as he docs specific names. 

Four years later he wrote that * < Most of the leading writers on 
the crinoids " had adopted his nomenclature for the plates of the 
crinoids, and he mentioned them. There were in all six persons, 
two of whom were from America, Wachsmuth and Wetherby. 
It must have done the souls of Wachsmuth and Wetherby good to 
learn from such high authority that they, * * constituted most of 
the leading writers on crinoids," in this country. We learn from 
Wachsmuth and Springer's Palffioerinoidea pt 3, 'p. 8, that two 
years later. Prof. Williams had joined this host of **most of the 
leading writers on crinoids," Wachsmuth and Wetherby. It may 
be in the additional five years that have elapsed since the name 
^^ underhasah * was proposed, others have used the word to add 
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confusion to the definition of crinoids ; but it is to be hoped tliat 
each one does not constitute '*most of the leading writers on 
crinoids," in this country. And it is high time American palaeon- 
tologists wodld cease to look to England for information, where 
less is known of its own fossil crinoids, than happens to the lot of 
any other countr}', in which there is any pretension to palaeontolog- 
ical knowledge, and where more shallow pretenders vent their 
stupid hypotheses as to the fossil tests of these animals than exist 
in any other land. 

Prof. D. S. Jordan in '* Science Sketches," very appropriatel}* 
says : » * The chief aim of the law of priority, like that of the law 
of primogeniture, is not the survival of the fittest, nor yet justice, 
but simply fixity ;" and the application of this rule should pre- 
vent the most destructive innovator from interfering with the long 
established names of the plates in the calyx of a crinoid ; besides 
there can be no more appropriate and truthful names than ' ' basals " 
and * * subradials. " Subradial plates occupy a subradial position, 

they are neither radial nor interradial but one half is below one 

■ 

radial series and the other half is below another radial series. 
Basals are always basals and never * * underbasals. " In some 
genera they are below the subradials, but in other genera the sub- 
radials extend below the basals, while the basals, in the interior 
of the calyx, project higher than the subradials. 

There are no anal plates below the arms in the cal>Tc of any 
palseozoic crinoid, and there is no more reason for calling the 
plates in one interradial area anals, in the present state of learn- 
ing, than there is for calling them orals. The word **azygous " is 
applied to them because it is noncommittal, and simply indicates 
that the plates are not the same as those in the other interradial 
areas. The opening in the azygous side of the vault or in the 
proboscis, may be an anal opening, and, if so, the plates sur- 
rounding it or covering it might be called anal plates, but the 
name cannot be applied properly to any other plates of the body. 
The course of evolution was progressive toward more complicated 
structures, in crinoids, until the Subcarboniferous age ; here they 
seem to have attained their most perfect existence. The living 
crinoids are the remnants, probably, of a long line of retrogres- 
sion, the degenerate descendants of more highly organized ances- 
tors — wherein some of their parts are of comparatively modem 
origin, and others, which the ancestors possessed in a high degree, 
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have wholly departed, so that not even a rudimentary plate or scar 
is left to indicate the functions once exercised. WTiere progression 
has been the rule, in the development of any class of animals, 
we may look to the embryolog}- and the growth of fhe young for 
reflected light on the fossil remains of past ages, but where the 
evolution has been backward, for geological cycles of time, the 
study of embrs'ology of the degenerate descendants, sheds but 
little light, if any, on the primitive ancestry^ To speak of a 
fossil crinoid as a '^permanent larval form" or as an *• embryonic 
type " is, therefore, unenlightened aflfectation. 

The l^asals, in all paheozoic crinoids, were the first plates to 
])ecorae fully develoixjd, and, after this, they retained the same 
position, resiKJcting the column, through all further stages of the 
growth of the animal, as is shown by the uniform projection of the 
basal disk beyond the column, in all specimens, lai^e and small, 
in the same species. It is the practice in describing the form of 
the basal plates to ignore the side truncated by the columnar 
canal and treat the plates, in description, as if they came to a 
l)oint at the center of the columnar canal, which of course is never 
correct, and to illustrate them by cutting oflf the lower end so that 
the plates united will leave a pentagonal opening, with the angles 
at the suture lines of the plates, which is never correct In fact. 
I never saw a correct diagrammatic view of the calyx plates of a 
crinoid, though the basals united are sometimes correctly illus- 
trated. The size and form of this truncation is dependent upon 
the shape of the columnar canal, but the angles of the canal never 
unite with the suture lines of the plate ; on the contrary, the rays 
or angles of the canal truncate the plates, and the suture lines of 
the plates strike the sides of the canal or extend to the body of 
the canal between the rays. 

Wetherby described the basal plates of Pterotocrinus as ex- 
cavated for the column and thickened and carinated at the outer 
edges of the columnar excavation, and I infer, from what 
he said, that his specimens also preserved the evidences of 
ligamental atUichments around the canal. In the * * Description of 
some new genera and species of Echinodermata from the Coal 
Measures und Subcarboniferous rocks of Indiana, Missouri and 
Iowa " bv mvself and Mr. Gurlev, it was shown that the base of 
Ulocrinus is strengthened by the thickening of the plates around 
the part to which the column attached, and by the anchylosis of 
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the basal plates. There is an external circular depression into 
which the end of the column was inserted, and this depression is 
surrounded by a rim to afforti further strength to the point of 
union between the column and the body of the crinoid. At least 
three plates of the column were inserted in this circular depres- 
sion, one of which had an extended rim beyond the column that 
filled a circular furrow on the interior of this depression which 
locked the column in the basal plates. The first plate of the 
column at the base of this circular depression is thin and radiately 
ridged to interlock witli the second plate. The rays of the 
opening on the internal side of these plates are flanged so as to 
enlarge the end of the columnar ciinal as it passes through the 
basal plates ; this enlarged opening is surrounded by a rim for 
some kind of muscular attachment and to give strength to this 
part of the calyx. On the outside of this rim there are radiating 
ligamental furrows or vascular markings for the attachment of the 
animal sarco<le. These characters are well shown by the illustra- 
tions. The basal plates of Eupach^'crinus magister are also illus- 
tratefl, showing the conical elevation in the interior of the calyx 
pierced at the summit by a five-rayed opening for the columnar 
canal, with the rounded ends of the rays truncating the plates. 
The pentagonal opening is surrounded with ligamental sears or 
radiating ligamental lines while the other parts of the internal 
sides of the plates are smooth. I have seen the same evidence 
in the basal plates of Delocrinus. I have the basal plates of a 
Glyptocrinus showing the thickening of the plates internally 
around tlie five-rayed canal and bearing evidence of ligamental 
atttachment. It is well known that the end of the column, in all 
palaeozoic crinoids, is so finnly attached to the basal plates, that 
it is rare to find a good specimen where the column has been 
separated from the basals, leaving the place of the colunmar at> 
tacliment in a good state of presentation. 1 have before mo a 
Batocrinus, with a hemispherical depression at the base, whicii is 
radiately furrowed surrounding the pentagonal opening for the col- 
umnar canal, for the firmer attachment of the column ; and a 
Poteriocrinus furrowe<l in like manner for the attachment of the 
column, and showing a rim on the basal plates surrounding the 
point of attachment. I have a specimen of Anomalocrinus show- 
ing the anchjiosis of the upper joints of tlie column and of the 
column with the basals, and after examining six?ci mens in ditlVi-ent 
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genera, I have concluded it is not uncommon for the plates of the 
column, at the upper end, to be anchylosed together. The only 
ligamcntal scars in the calyx of any crinoid thus far disoovered 
surround the columnar canal. It follows therefore that the basal 
plates are the most important in classification of any of the plates 
of the calyx, because the animal was attached to them, while the 
other plates subserved the inferior purpose of simply enclosing 
the other parts of the animal sarcode. 

Tt must be apparent, therefore, that there can be no rudimentary 
basal s, none that are developed from the upper stem-joint and 
none except they are large enough to surround the columnar canal 
and with area enough for the muscular attachment The anchy- 
losis of the basal plates is as common in genera haAing no sub- 
radials as it is in those having them. It would appear, that the 
attachment of the column to the basal plates, the passage of the 
columnar canal through them, and ligamental attachment on the 
interior, held the basal plates firmly in one position, and while, 
in their younger state, they were capable of growing and con- 
forming to the alternate arrangement of the plates of the column 
and the succeeding plates, in their more advanced state, the 
growth terminated in secreting the material that anchylosed the 
plates. 

Th(^ earliest crinoids had live basal plates and such forms con- 
tinued to exist throughout palaeozoic time. Those having four 
basal plates appeared in the latter part of the Lower Silurian and 
disappeared in the Devonian age. Those having three basal 
platt^s appeared in the Lower Silurian and disappeared with the 
Subcarboniferous. and those having only two basal plates are con- 
iiiied to the Subcarboniferous and Coal Measures. This statement 
also tends to prove the significance of the basal plates, in classifi- 
cation ; besides the form of the basal disk must, in all cases. 
control more or less the number of the succeeding plates and the 
strueture of the calyx and body of the crinoid. For these rea- 
sons, the number of basals and the shade of the basal disk are of 
the first importance, and families should be so formed as to in- 
clude only genera having the same number of basals and sub- 
stantially the same form of the basal disk. 

Tli(^ s(H'ond cliaractei* of family importance will be found in the 
presence or absence^ of siihradinl plates. The only known func- 
tion performed bv the siihradials is to increase the capacity of the 
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..^sceral cavity surrounding the area of ligamental attachment to 
test. In some genera they cover half the calyx below the 
and in all cases they materially affect the form and struc- 
:ure of the calyx and body of the crinoiQ. Where the plates are 
arge, they were supported in position by ligaments in beveled 
sutures, as in Eupachycrinus, or by peculiar denticulated or ser- 
rated edges such as occur in Poteriocrinus and in Arthracantha, 
illustrated and defined by Hinde, or in Ulocrinus as figured and 
^cdescribed by myself and Gurley. For the purposes of classificar 
~^ion, therefore, no family should include genera having subradials 
^Eind those in which they do not exist 

The next family character will be found in the presence or ab- 
^^ence of r^ular interradial plates. These plates allow breadtli 
'^So the body, and though, in their extension over the vault and in 
^*)ther respects, they may sometimes sink to generic or specific im- 
""yortance^ yet the fact of their presence or absence is always of 
=3tamily value. The position of the first interradial is of high 
•^■classlficatory value, and genera supporting the first intemidials on 
"■"toe basal plates are never to be associated in tlie same family with 
~"^ho8e supporting the first plate between the upper sloping sides of 
"^he first radials. 

The next in family importance are the azygous plates. The 
-58tructure in this part of the body is frequently complicated and is 
-always of generic importance and frequently of family value. 
For instance, a genus having an azygous plate resting on the 
basals is not generally, to be classed in the same family with one 
having the azygous plate truncating a subradial, for the whole 
structure of the azygous sides of the genera is different in these 
cases, commencing with the position of the first plate. 

I regard each plate, in the calyx of a crinoid, to which I have 
attached family importance, as an independent moq)hological ele- 
ment, and, except in the specimen figured from my collection in 
Ohio Palseontologj', by Meek, under the name of Anomalocrinus 
incumis, where there occurs an extra basal plate below the termi- 
nation of a suture dividing a radial, I have always found the 
plates the same in each genus. 

The structure of the arms, I think, is never of family impor- 
tance, and above the brachials never of generic importance, 
though always of specific value. An illustration or two will 
sufiScc for the demonstration of this opinion. In Dichocrinus 
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wc have a species with small subquadrangular pieces forming sim- 
ple arms, another with arms composed of rather large cuneiform 

■ 

plates, and another with arms composed of the double series of 
interlocking plates. In Poteriocrinus, the species have arms 
varying in number from ten to fifty, and the structure of the 
anns varies almost as much as their nimiber does. 

The shape of the column is probably of generic value. The 
vault and proboscis have characters of family value but they are 
t(K) little understood to base any general classification upon them. 
But, where they have been investigated, they afford additional 
evidence in support of the families established on the structure of 
the caU'x as herein above indicated. 

[TO BE CONTINUBD.] 



PILOT KNOB: A MARINE CRETACEOUS VOLCANO. 

By RoBT. T. Hill, Austin, Texas. 

WITU NOTES ON ITS PETROGRAPHY. 

By J. F. Kemp, Ithaca, N. Y. 

The accompanying maps and figures, with my previous article 
on this region* illustrutc an interesting occurrence of ancient vol- 
canic phenomena in the vicinity of Austin, Texas. 

This city is sitiiaUMl upon tlie Colorado river, at the junction of 
the Grand and tlu; IJhick l^rairio regions of the state. The stream 
here emorgOH from tlic deep, rocky canon of the Grand Prairie 
and broadens into a fcrtih* valley of Quateniary sedimentary ter- 
races as it (niters thi; Hhick I^rairie. The river cuts across the 
general strike of all the formations of the region and thus affords 
an admirable insight into its stratigraphic histor>', giving within 
lifty miles a display of rock sheets from pre-Cambrian to Qua- 
ternary. 

Among the varied topographic features about Austm are some 
low rounded hills which, appearing above tlie horizon of the Black 
I*rairie seven miles southwest of the city, present a peculiar as- 
p(»ct. T j)on closer study these hills are found to consist of sev- 
eral cusps of igneous rock rising from a circular depressed area of 
about 1,000 acres, and projecting through and above the chalky 
strata of the Black Prairie which surround it on everj* side, as 

'Sco **A Portion of the CJeologic Story of the Colorado River of 
'I'fXJi^." Amkiucax Gkologi.st, May, 1889. 
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seen in the cross section (Fig. 2, and the map). The hills 
have an altitude of 750 feet above sea level and 50 above 
above the surrounding prairie. 

They are composed of a hard black rock, the exact 
lithologic constitution of which, as shown by Prof. Kemp 
in the accompanying article, is that of limburgite or nephe- 
line basalt. The basalt has an imperfect columnar struct- 
ure nearly vertical at the south extremity of the hill, (Fig. 
2, 1 and 2 of the section) and nearly horizontal at the 
north side. The flat region between the basaltic hills 
and the chalk}- perimeter of the igneous area is filled 

^ with a soft yellow amygdaloidal exfoliating material some 
of which is undoubtedly the product of basaltic decom- 
1 u) position, while in other places it resembles volcanic ash. 
The exfoliations are perfect and resemble the illustration 
of that structure given by Gcikie. 

Proceeding in any direction from the basaltic hills 

^ which form the cjcnter of the whole outcrop the average 
distance to its edge is about one half mile, where excel- 
lent contacts with the chalk are found. The chalky 

— stratum forming the margin of this area throughout its 
whole extent is crenulated into gently waving undulations 
and presents different aspects of hardness. In places of 
direct contact with basaltic material the chalk is con- 
verted into hard marble ; where the ash-like material in- 

^ tervenes between the basalt and chalk the latter retains 
its soft unaltered pulverulent nature (Fig. 2). 

The induration of the chalky sheet away from the cen- 

^ tral hills and its metamorphism are clearly indicative of 
activity after the deposition of the chalk and would be a 
sufficient reason for making its period later than the ago 
of the Austin chalk, were it not for other evidences found 
within a radius of ten miles. Proceeding in any direc- 

*** tion instructive outcrops are found. One mile north (at 
C on map) Onion creek has cut its waj' through a great 
archway of this hardened chalk to a bed of ancient debris 
which must have been deposited by an eruption previous 
to the event that marmarosed the chalk. 

This canon of Onion creek is from fifty to one hundred 
feet deep and is formed by undermining erosion (Figs. 1 
and 3). 
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Its walls consist of (a) an upper layer of massive chalk or a meta- 
morphosed chalk-bed, and (b) a lower softer portion of thin alter- 
nations of red, green and white layers. The alternations are the 
most remarkable features of all tlie phenomena for upon closer ex- 
amination they arc found to consist of volcanic debris mixed with 
sheila of oysters (0. Iwviuicula Rocmer, which is but the youDg 
of O. ponderoxn Rocmcr) whose original shell matter is preserved 
without change from heat or other cause, and the casts of the 
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Inocerami (/. umhonatittt), the ckaracteriatic Inoceramus of the 
Aostin chalk; abowing that this preBervation of fossil remains 
was by falling debris in their habitat. 




Fio. 1.— CoDtMt ot Cbalk and lEneaan MatMr wltU LiinealODe InclusioD. 




Fro. 3.— Altamationa ot Ikuooub Strata, with FoBsiUferoim Cbalk. 



The ashy layers are from one to sLx inches thick und alternate 
with layers of similar tbicknese of chalky but laminated material, 
showing there were altt^^ations of deposition of volcanic ejecta in a 
moUnBcan inhabited ocean. Furthermore, as the species und 
chalk are deep water deijosita, a rapid shallowing is inferred and 
as there is an absence of land debris and littoral fossils, the shal- 
lowing mnst have been insular and not coutinentaL Hypotheti- 
cally, this oldest record of Pilot Knob shows a rapid elevation o( 
the ocean's bottom with its life from chalky depths to land, ac- 
companied by many deposits of volcanic debris. 
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The knobs were probably the center of disturbance and the 
basaltic hills of to-day represent the neck of an ancient volcano 
whose crater has long since been denuded. Proof of this hypoth- 
esis is the increasing occurrence of debris as we recede from the 
knobs for four or five miles around. As shown on the map at E, 
F, G and H, the ash is found in greatest abundance towarda 
the west and north. At Kunz station, four miles south of Aus- 
tin, a raifroad cut gives a fine exposure of this Volcanic debris in 
close contact with unmetamorphosed chalk. It is a yellow and 
brown loose material, hardening on exposure, and contains occa- 
sional bombs of limestone (metamorphosed chalk) from a pea to a 
foot in diameter. About twenty feet of ash are here exposed 
and the bank is cut in two by a great fault which will be ex- 
plained. Other beds of debris occur two miles west of Manchacha 
station, in Bouldin's creek, and in Fairview Park, South Austin. 
These exposures ai*e made by the denudation of the Cretaceous 
chalks which covered tlicm after their deposition. Superficial de- 
composition and the formation of zeolites followed. 

Accompanying the exposures of debris are occasional strata of 
yellow or black-yellow crystalline limestones full of the fossils of 
the chalk. Thin slices of this limestone made by Mr. R. L. Zil- 
ler show olivine specks in the calcareous mixture, hence I incline 
to think it a mixture of chalky material and debris. 

Structural Features Throwing Light upon the Age of Pilot Knob 
Activity, — The historic geology revealed in the sedimentary strata 
of the adjacent region is complete and by its aid the period of the 
activity of Pilot Knob can be determined. The intermingling of 
the earliest debris with the 0, Imviuscula beds and Inoceramus hori- 
zon of the Austin chalk shows that Pilot Knob was active during 
the latter half of the Austin-chalk sub-epoch of the upper Creta- 
ceous period (about the Niobrara sub-epoch of the Northwest). 
The alternations of chalk and debris show long continuance of ac- 
tivity, while the great bed of chalk above shows a succeeding 
period of quiescence and subsidence. 

The great faulting which the whole region has undergone since 
Pilot Knob's activity gives another proof of the age of the vol- 
canic eruptions. The system of faults extend approximately north 
20° east ; several of them cut through the igneous material, as at 
Kunz Station, Onion creek and Fairview Park. The age of these 
great faults is later than the volcanic activity — is post upper Cre- 
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taceous, not Cretaceous, for the ver\' latest Cretaceous strata are 
involved in their disturbance. These faults belong to the great 
Baleones system described by me in this journal, and whose line 
is followed b^ the I. & Gr. N. R. R. on map. 

Tertiary and Quaternary History. — It is probable that the 
present topography of Pilot Knob and its crater-like weathering is 
the result of unequal resistance to atmospheric agencies and the 
whole area was once buried beneath Tertiary and Quaternary 
sediments. The original interior shore line of the stratigraphic 
features of Texas which are rapidly receding eastward is a ques- 
tion to be solved, but from the truncation of the dip planes and 
scarps of stratification, with the great thickness of the Neozoic 
terranes, it is evident that their former western margin except in 
rare instances was far west of its present position. Thus it was 
that both the great Cretaceous subsidences once covered the now 
denuded ** Central Paleozoic region'* of Texas, while the shore 
line of both Tertiary and Quaternary' subsidences levele<l the 
topographic features of Pilot Knr)b ; for, several miles west of 
this extinct volcano, resting upon the western margin of the upper 
Cretaceous and against the Baleones scarp, as seen in Terrel hill 
on map, there is a distinctly'' preserved beach of the same post 
Cretaceous, probably post Tertiar}^, gravel which once covered 
Pilot Knob. 

Relation to Other Areas. — Pilot Knob is but one of a score of 
igneous outcrops between Austin and the Rio Grande west of 
Eagle Pass, to which I have previously given the name of Shu- 
mard Knobs, but its exact relation to them has not yet been 
studied. It is in line with the igneous features of North Texas 
and southeast Arkansas. The general structural features indicate 
an afflnit}' between them and suggests that together the}' consti- 
tute a line of igneous activity which once extended from the 
Ouachitas to the Rockies. It is interesting to note the proxim- 
ity of this Cretaceous igneous outcrop to the Burnet granite. It is 
probable that this has been a region of intermittent activity since 
early Paleozoic time. 

Conclusions. — From its structure it is shown that Pilot Knob is 
the neck of an ancient volcano which rose out of and deposited its 
debris in the deep water of the upper Cretaceous sea (probably- 
Niobrara sub-epoch). From its isolated position remote from any 
contemporaneous shore line it must have been an island eru|)- 
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tion. Pilot Knob probably belongs to a great chain of igneous 
localities, eruptive and basaltic, extending from the mountains of 
northern Mexico to the Ouachita system of Arkansas, both of 
which regions al)ound in related features. The great Balcones 
system of N. 20° E. faults of central Texas are later than upper 
Cretaceous. In late Cretaceous, Quaternary and Tertiary times 
Pilot Knob was either totally submerged or greatly denuded. 

Notes on a Nei»iielink-Ba8Alt from Pilot Knob, Texas. 

J. F. Kemp. Ithaca. 

A selection of specimens representing various parts of the out- 
crop was forwarded for study. They are very dense, finely 
crystalline, of a dark gray or black color and resemble the usual 
run of compact basalts. Small lustrous grains, 1.0 mm. and less, 
are seen scattered through the mass and are shown by the slides 
to be oli\ine crystals. Amygdaloidal portions are found on the 
surface whose cavities are filled with calcite and probably by 
zeolites as well. 

The rock is a diiiicult one to make transparent as the sections 
become merely translucent up to extreme thinness. It readily 
appears however under the microscope that the rock consists prin- 
cipally of a groundmass in which are set the phenocrysts of 
idiomorphic olivine and much smaller, brown, prismatic augite. 
The groundmass varies in character. At times under low powers 
it appears as a half opaque whitish mass which, in thin portions 
with high powers, is seen to consist largely of a very feebly 
refracting base, through which are scattered small microlites 0. 01— 
0. 02 mm. long and a quarter as broad, with an extinction angle 
of 30°-45°. These are probably augite. One or two small plag- 
ioclase microlites could also be recognized but they are extremely- 
rare. The feebly refracting base gelatinizes readily and stains a 
deep tinge with f ucbsine. On evaporating the gelatinous mass to 
dryness abundant cubes of sodium chloride separate out. From 
this the inference is drawn that the groundmass is essentially 
nepheline in a form approximating a glass, such as was named by 
Boricky nephelinitoid. Minute grains of magnetite are distributed 
everywhere through the sections. They average about 0. 01 mm. 
The white, half opaque character of the groundmass may be due 
to partial alteration. Such a result is noted by Zirkel in voL vi 
of the 40th Parallel Survey, p. 257, as occurring in the nepheline- 
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basanite from Fortification peak, Col., and in several European 
rocks of related character. Comparison with slides of the latter 
in the writer's possession shows quite analogous phenomena. 

In other specimens the sections consist principally of a felt of 
brown augite needles 0. 2 mm. long by 0. 05 mm. broad, with a 
dark glassy material filling the interstices. The rock seems in 
such cases to approximate the limburgj'tes and to resemble quite 
closely a slide from the Hasenberg in Bohemia. The augites 
which gather in ocellar groups or nests are scarcely larger than 
those just mentione<l and have the same brown color. They are 
abundantly provided with inclusions of magnetite. • 

The olivine is idiomorphic and exhibits most frequently the 
cross section that would indicate an original form with 2 P o5 
strongly developed. A few included grains of magnetite are to be 
seen. Alteration is not usually far advanced. Where it seems to 
have reached its limit it affords a sphero-crystal of radiating 
needles, giving the usual interference cross. The dark grains 
scattered through the grotmdmass are. all called magnetite above 
because they appeared in no case to be at all transparent and 
gave no indication of containing titanium. It cannot be stated 
therefore that either perofskite or chromite is present. An anal- 
ysis yielded the following results from which it appears that the 
rock is yety basic and of very high specific gravity: 

SiO, 38.35 

FejOg 20.33 

AljOg 9.18 

CaO 11.76 

MgO 13.78 

K,0 3.02 

Na,0 3.77 

Ignition 1.20 

Total 99.38 

Specific Giipvity 3.211-3.223. 

The rock is therefore to be considered a nepheline-basalt. So 
&r as is at present known, such or allied rocks are not abundant 
in the United States, notwithstanding the great development of 
basalts in the west. Zirkel* determined one from the Kawsoh 
mountains, Nev. and others from the Elkhead mountains, Col., 
both of which contain plagioclase. Analyses given in vol. ii, pp. 

» Survey of the 40th Parallel ; vol. vi, p 356. 
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176 and 178 of the 40th Parallel Survey show them to con- 
tain from 10 to 15 per cent, more silica. Dr. Oscar Leow* has 
also determined a basalt with nepheline (nepheline-tephrite) from 
the Peloncillo mountains in Arizona, which like the others is far 
more acidic. The Texas rock also diverges widely from the 
tcphrites and basanites described from the Crazy mountainB, 
Mont, by J. E. Wolffs but it resembles closely so far as may be 
judged from the description, the nepheline-basalt collected by J. 
C. Branncr in the Island of Fernando de Noronha and described 
by G. H. Williams. -• 

Geol. Lahofatury Cornell University. 



THE NORTH-EASTERN EXTENSION OF THE IRO- 
QUOIS BEACH IN NEW YORK. 

By Prof. J. W. Spbncbb, Atlanta. 

The barometer was used in the measurements of the Iroquois 
beach (Trans. Roy. Soc. Can. 1889) in the region of Watertown, 
New York, also the beach was not carried far eastward in tha1# 
direction. 

During last May I carried the investigation forward and used a 
proper level. The difficulty of following the beach was great, as 
in this region it is very f requentl}' interrupted by the occurrence of 
rocky promontories, which existed in the body of water bounded 
by the Iroquois beach, — the result having been that no beach 
structure was produced in the ver}^ deep water in front of those 
old rocky points. Then, again the boulder clay of the drift is re- 
placed by a stony drift sand. But with labor and the use of 
the level I have traced and measured the elevation of the beach 
to about 50 miles northeast of Watertown, and know its position for 
ten miles farther. The rocky islands in the Laurentitm country' 
of the northern Adirondacks further interfered with the work. 
The measurements were always on the sunmiit of the beach barriers 
or spits, crossing the valleys between the promontories, making 
the accuracy of identification certain. 



2 Wheeler's Survey, 1875 ; vol. iii, Geology, p. 047. 

» Northern Transcontinental Survey. Notes on the Petrography of the 

Crazy Mountains, etc.; p. 8. 
•• Petrography of Fernando de Noronha; A. J. S. ill, vol. 37, p. 187. 
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The rise continues in a northeastward direction and, for the last 
forty miles (which were levelled) averages six feet per mile. Thus 
there is proved that no glacial dam existed in this part of the Ad- 
irondacks. Having traced the beach to an elevation of 972 feet 
above the sea, at a point south of Morrisburg (on the St. Law- 
rence), the measured warping is now sufficient to account for 
every foot of the rocky barrier across the basin of lake Ontario. 
This measured differential movement has been entirely since the 
episode of the upper till. This paper is intended only as a pre- 
liminary announcement, but the details will be eventually pub- 
lished. 



THE RELATIONS OF THE STATE AND NATIONAL 

GEOLOGICAL SURVEYS TO EACH OTHER 

AND TO THE GEOLOGISTS OF THE 

COUNTRY.* 

John C. Brannek, Little Rock, Ark. 

Tho geologists of the country may be elassiiled as follows : 

I. Professional geologists, connected with the United States Geologi- 
cal Survey or with some of the state surveys. 

II. Professorial geologists, or those teaching geology In our colleges 
and universities and sometimes making excursions into the field, either 
fn the course of instruction or in order to carry on original investiga- 
tions. 

III. Consulting geologists, or those doing private economic work. 

IV. Amateur geologists, including students who do volunttjer work. 
It Is of the relations that exist, or should exist, between our national 

survey, the state surveys and the geologists of the country, in which- 
ever of these classes they may fall, that I propose briefly to address you. 

Investigations are often undertaken larg<»ly in the course of instruc- 
tion carried on in college laboratories, but it is rarely that individuals 
or Institutions other than the state and national surveys have under- 
taken extensive and expensive geologic operations. We must except, of 
course, In this statement those of an economic nature. 

The reason of this is that individuals seldom, and commercial organi- 
zations never, devote their means to purely scientific investigations : and 
inasmuch as these investigations require large sums of money, and as 
they arc conducted largely with a view to increasing human knowledge 
the expense of them must be borne by the public treasury. 

With our official organizations most of the working geologists of the 
country, excepting those called consulting geologists, are connected 

• Vic«-pre8idential address before Section E, American Association for the Ad- 
vancement of Science, Indianapolis, A\\«. 20, 1890. 
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€itlior lis salaried assistants, permaucnt or temporary, or as volunteers. 
But these organizations carry on their work independent of each other. 
Indeed without any regard to one another's existence, while individual 
investigators go each his own way pretty much as if ho had the whole 
world of geolegy to himself. 

If one has cause to be surprised at this lack of concerted action 
among men working upon the same and similar problems in the same 
country, we must remember that this state of affairs is the outcome 
partly of our democratic institutions and of our disposition to let every 
one shift for himself, partly of the great size of the country, and partly 
of the fact that there has never been, until recently at least, any at- 
t4^mpt« or even any disposition, to bring all the geological material in 
the country into harmonious action and relations. 

We have done better in this respect of late years, but there is still 
much room for improvement. If there has been but little co5peration 
hitherto among geologists and between official surveys, doubtless it is 
because, as Professor Br ice says of democracy, "It takes many cen- 
turies to form those habits of compromise, that love of order, and thai 
respect for public opinion which makes'* good geologic work possible. 

The UnUed States Oeolofiical Survey. — The early geologic work carried 
on by the government in this country was done by military exploration 
parties under the War Department. Geology was in no case the prime 
object of these explorations, work of this kind being done by geological 
attache's of the parties. Geology came to be a more and more important 
part of them, however, until from 1867 to 1873 we had the surveys de- 
voted principally to geography and geology under Clarence King and 
Lieutenant Wheeler, both of which were carried on under the War De- 
partment.* 

In 1869 the Geographical and (reological Exploration of the Terri- 
tories witfe Hayden as its director was authorized under the Depart- 
ment of the Interior, and in 1870, under the same department, the Geo- 
logical and Geographical Survey of the Rocky Mountain Region under 
Major Powell was authorized by CJongress. 

The operations of these surveys |eem to have been carried on to some 
extent without regard to each other, for a part of the work was dupli- 
cated, and jealousy was aroused to such a point as to become a scandal 
to scientific work in this country. 

Looking over the evidence to-day it seems pretty clear that the United 
States engineers had resolved to drive out all other geographical work, 
and possibly all geological work, from a field which they felt to be their 
own, for they seem in all cases to have been the aggressive parties. 
This issue being forced upon CJongress, in 1878 the National Academy of 
Science was asked to appoint a committee **to take into consideration 
the methods and expenses of conducting all surveys of a scientific char- 
acter under the War or Interior Department, and the surveys of the 
Land Office, and to report to Congress as soon thereafter as may be 



I 



♦A list of the commanders and tlie dates of these expeditions is griven in Ex. 
Doo. No. 240, 43rd Congress, 1st Session, pp. 6-8. 
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practicable a plan for surveying and mapping the Territories of the 
United States on such general system as will, in their Judgment, secure 
the best results at the least possible cost.^' 

This committee of the National Academy of Science was appointed 
and made the required report. It recommended that the surveys then 
in existence should be discontinued, including the Land Office surveys, 
and that there should be a single national geological survey which 
should deal with geologic problems, and that all mensuration should be 
done by and under the Coast and Geodetic Survey, which should furnish 
whatever maps might be wanted. 

The action suggested regarding the Coast and Geodetic Survey was 
not taken, but Congress discontinued the old geographical and geologi- 
cal surveys and the United States Geological Survey was established in 
1879 as a permanent bureau of the Department of the Interior. 

In the reorganization of the national survey after the extinction of 
the old surveys most of the men from all the former institutions were 
retained. This is where wo find ourselves to-day with our United States 
Geological Survey. 

It is not necessary that I should speak of the functions of this national 
survey as defined by law, for in a general way you are all familiar with 
them, while the business organization and general plan of carrying on 
its work is set forth in the eighth Annual Report of the Director. 
Practically it has carte blajiche to carry on geologic investigations over 
the whole territory of the United States, and in every branch of sci- 
entific work directly related to geology, such as geography, topography, 
paleontology, physics, chemistry and statistics. 

Now over this same area, though limited to the states carrying them 
on, we have our several state geological surveys; while private indi- 
viduals, educational institutions, scientific societies and commercial cor- 
porations are at liberty to carry on such investigations as they see fit, 
and all regardless of each other. 

It would be very natural to expect that there would be more or less 
serious conflict between organizations and individuals working, as these 
do, upon the same questions and over the same areas. 

In the earlier work carried on by the federal government, however, 
the various territories were the specified areas to which the national 
surveys were confined, and now that the whole area of the United States 
is open to this work, a broad-minded and co(iperatlve direction seeks to 
aid and strengthen the state organizations instead of antagonizing or 
annihilating them. 

But I wish to emphasize the fact that the classification of the geolo- 
gists of the country, the work within the domain of the national survey, 
the work within the domain of the state surveys and that which can be, 
or will be, accomplished by privat<^ institutions, corporations or individ- 
uals demand that there should bo some more definite or better organized 
cooperation or coordination in all this work and among all these men. 

The success of commercial and industrial enterprises the world over 
has been due to a greater or less extent to concerted action. In educa- 
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tional matters where action has been concerted and efforts and means 
concentrated there have our most marked successes been. Geologists 
may disregard the advantages to be derived from such cooperation, but 
it must be at their own expense and at the expense of the science. 

And witliout doubt one of tlie reasons that co5peration has not been 
further practiced than it has been is that a sort of antagonism betweeu 
older organizations has been iianded down to us, and also because it 
takes time to bring into harmonious action a largo number of men scat- 
tered over a vast territory and variously interested in widely different 
phases of geologic problems. 

The statement has been made that the United States Survey does co- 
operate with very nearly every state survey in the country, but the fact 
is that the national survey does not know what the state surveys arc 
doing except in a very general way, and that the state surveys know but 
little or nothing of what the national survey is doing, except perhaps a» 
it may happen to be picked up in private conversations and in private 
correspondence between personal friends. 

Please bear in mind that this is not intended as reflecting upon the 
Director of the United States Survey ; cooperation can only exist by 
the common consent of all the parties concerned, and it is quite as much 
the fault of the state surveys that there is no such cooperation as it is 
that of the United States Survey. 

I might cite the case of a state survey of which I have some knowl- 
edge where the national survey carried its topographic work forward 
without any referencte to what the state survey needed, for it didn't 
know the state survey's needs, and when, almost by accident, the state 
survey learned of the government work, that work had gone too far to 
be modified to suit the needs of the state survey. 

When I found myself a state geologist and began to look about me, 
and when I saw the relation in which a state survey stands to the na- 
tional survey, I confess that I felt very much as the cock did who was 
put in the stable with the horse. The cock sought to get on a proper 
footing with his companion by saying, "Now, let's not step on eacli 
other," and if I didn't do likewise, it was not because I didn't see that I 
was as completely at the mercy of the United States Survey. 

I mention my own cas«; partly because 1 know more about it than any 
other, and partly because I am responsible to a great extent for tho ab- 
sence of intelligent and economic coOpi^ration in the work done in the 
state of Arkansas. 

The con<*lusion8 which I have reached, then, in regard to the relations 
that <.*xist and those which should exist between the surveys and the 
geologists of the rouiitry are tho result of my own experience and my 
own convictions, confirmed by the experience and convictions of others 
— and that is that we should come to some understanding about what 
ea(;h one shall do and shall not do. 

What 1 have to say, however, refers to the internal arrangements and 
the working of geologists as affected by our own bearing toward the 
official surveys, toward each other and towards the science, rather than 
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towards official relations and toward legislation. For these are not 
matters to be fixed by laws; laws would interf(»re with that freedom of 
movement that gives health, vigor and activity to our scientific bodies 
^nd to our scientific men ; they can only be determined by common con- 
sent and by usage. 

To begin with there should be some unanimity among all geologists 
about the scientific standing of our government and our state surveys, 
and about what each one can do and ought to do. 

First in regard to the United States Geological Survey : 

This Institution stands at the official head of all our surveys and of 
all our geological work. 

Every statesman recognizes the fact that science is an element of 
prosperity and power which it is the duty of the state to foster just as 
It should foster other elements of progress and civilization, and it 
should fill every geologist with the profoundest gratification that our 
statesmen realize the importanc^e of the general government's giving 
liberal support to geologic work. 

We must all of a necessity take a deep interest in the organization 
and conduct of this, our national survey, for the work to which it is de- 
voted can only be done by aid of the government, and should that aid 
fail, either on account of proper organization or inefficiency, or on ac- 
count of jc»alousy, or for any other reason, the progress of the science of 
geology in this country would be seriously impeded if it did not come to 
a dead halt. 

We have reason also to congratulate ourselves and to congratulate the 
country that since its reorganization in 1879 there lias been in the direc- 
torship a geologist in sympathy with all branches of scientific work, 
and at the same time a man who does not shirk his duty in the survey's 
relations to Congress. 

Not a few scientific men have false notions of their personal and pro- 
fessional dignity when these affairs crowd upon their attention. 

We need only remind ourselves that appropriations are quite as essen- 
tial to geologic work as workers are, and that this part of the business 
can no more be neglected than any other part of it. 

Just think where we should have been if no efforts had been made to 
lay the truth before legislators. Congressmen are busy men, too busy 
to go out of their way to look up worthy institutions that ne(»d support. 
All that enlightened statesmen want to know are the needs, demands 
and uses of these surveys, and they will s(?e that they are properly sup- 
ported; but how are statesmen to get this information if some well- 
posted geologist doesn't furnish it? Statesmen must depend on geolo- 
gii:ts for such Information as will enable them to act intelligently, and it 
is as plainly the duty of the director of the United States Survey to in- 
form Congressmen and Senators of the needs of geologic work in the 
►country as it is to carry on the work itself. It is a duty he owes to the 
people and to science. 

National work encourages and stimulates state work, and state work 
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reacts in favor of national work, and both stimulate private enterprise 
and investigation. The return from all this no man can measure, for 
it is both material and intellectual, and in both these senses it is felt 
in every nook and corner of the land. 

The national survey is thus d(ting a work thgt no other institution 
can do, and it is able to maintain an organization of geologists that no 
other institution could maintain. For nowhere, in no country, is there, 
and at no time has there been, a corps of working geologists superior ta 
that of our present national survey — a body of geologists, of which every 
scientific man and indeed every citizen of this country may well be 
proud. 

Having no connection with that organization, either present or pro- 
spective, I feel at liberty to express a frank, disinterested and indepen- 
dent judgment. 

And I take the liberty to express the conviction Just here that no 
more amazing thing can be found in the annals of science than that 
there are geologists — men who claim to be interested in the advance- 
ment of science — who would be glad to put an end to our national 
survey, the institution that has, as it were, laid the golden eggs of geo- 
logic science in this country. 

The. National Survey and the State 8ur})ey8, — With this splendid equip- 
ment of men and of means, what can the National Survey best do and 
best leave to state surveys and to private enterprise? The question is 
not asked as implying that the officers of that body are not perfectly 
compete'nt to decide these matters, but because we feel that a more ef- 
fectual cooperation can bo brought about to the great advantage of 
every one concerned. So long as more than one organization must oc- 
cupy the same field, some understanding can certainly be arrived at that 
will prevent the duplication of work and the waste of energy and of 
funds. • 

The appliances, libraries, laboratories, equipments and the large num- 
Der of special assistants required by a national survey are quite beyond 
the means of our modest state surveys. 

The great size of our country, the wide sweeping character of its gen- 
oral geologic structure, and the limits placed by civil boundaries on state 
work must throw most of the Important general questions into the- 
hands of the national survey. Local details can and should be worked 
out by the state surveys, and those results should be placed as soon as 
possible at the disposal of the specialists of the national survey. It is 
self-evident that problems that can bo solved only after a wide experi- 
ence and acquaintanco with the whole country cannot be satisfactorily 
undertaken by the state surveys, but that thoy must be solved by the 
larger and stronger organizations. 

There arc certain dassos of work that, of necessity, fall upon a na- 
tional rather than upon iho state surveys; such are triangulation, pre- 
cise levels, topojrrai)hy, paloontologic work, almost all invc?stijrations 
falling under the head of what is usually known as pure science, and all 
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those investigations requiring much time and labor and money and 
many specialists. The reasons why state surveys cannot do work of 
this class are not far to seek : The men with whom the national survey 
has to deal are our broadest-minded statesmen — men who comprehend 
the scope and importance of purely scientilic work, while, as a rule, 
state legislators look to immediate, and what they call practical, results. 
Such men cannot bo convinced of the importance of any work that looks 
not to the immediate material prosperity of the state, while they are 
but little concerned, as a rule, with the intellectual income from it. 

It is entirely beyond the means of any state survey to make a topo- 
graphic map of the entire area of the state ; the best it can do is to se- 
lect a few typical areas and map those. But maps are absolutely essen- 
tial to satisfactory geological work, and map-making has come to 
consume a constantly increasing share of the money appropriated for 
geological surveys, both state and national. The national survey, how- 
ever, having large appropriations for topographic work, and contem- 
plating as it does the mapping of the entire area of the United States, 
ought to do this work. 

That these maps must meet various demands and must therefore be 
constructed with varying degrees of accuracy and detail evory on<* will 
admit. As a matter of fact, however, the maps made are usually, as 
they should be, parts of a plan, and upon a scale, for mapping the whole 
of the United States. This plan and scale may be perfect for that par- 
ticular purpose, but it often happens that neither the plan nor the map 
is adapted to the puri)Ose8 of the state surveys. And certainly nothing 
can be plainer than that the maps made by a geological survey ought to 
be available for geological work, or that, failing to meet the demands of 
geology, there is no geological excuse or reason for their existence. 

Take for example the toi)ography of the glaciated area of the Missis- 
sippi valley. The region is one of but little relief, and, in order to 
bring out this relief, the contour intervals must be very small. Hut the 
contour Interval on the U. S. Survey maps is 50'. one that completely 
ignores the delicate topographic character of the glaciated area of the 
Mississippi valley. 

It follows therefore that the plan for topographic maps should be suf- 
ficiently flexible to meet the demands of those by whom and the pur- 
poses for whicli they are to be used. 

Geodetic work cannot be carried on by the states because states are 
but small parts of, and furnish but a few points in. geodetic questioii*^. 
Euroi>ean countries have even been obliged to unify their work. In ilie 
United States work of this character must be left to some institution of 
the general government. 

That paleontologic work should he relegated to the national survey 
seems to me scarcely to admit of (luestion. The reasons fur such as>ij;n- 
ment are briefly as follows : 

I. It is a piece of purely scientific investigation, th<» importance of 
whieh stat<' Legislatures as a rule do not comprehend. 
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II. Tho invostigation dcinaiids a knowledge of the fossil fauna of not 
one state alone, but of a great many states, and often of the fauna of all 
the explon^l rooks of the earth, while the observations limited to a siugli^ 
stato are sure to lead to duplication and to erroneous conclusions. 

III. The work can be properly done only by specialists which state 
:<urveys cannot afford to employ. 

IV. The illustrations necessary in a paleontologic report are too ex- 
pensive to be paid for out of the modest appropriations made for state 
surveys. • 

It might be urged against these reasons that the states of Illinois and 
New York afford striking examples of the fact that states may and can 
and do carry cm a high grade of paleontologic work. But it should be 
remembered that the conditions under which these excellent results 
have been obtained have passed or are about to pass away. For while 
the states of Illinois and New York have grown in wealth and intelli- 
gence since their surveys were begun, the legislatures of those statos 
could not to-day be induced to take up and carry forward works of so 
l)nrely a scientific nature, and if those states could have seen the end 
from the beginning, it may well be doubted whether they would have 
undertaken the great paleontologic investigations carried on so long and 
so ^successfully by Ilall and by Worthen. 

Another point which I must insist upon is, that it is the place of a 
jitate geological survey to do what is wanted in the state, and as a rule 
oconomic results are wanti'd. The people are entitled to what they pay 
for. Not that the survey must go on every wild-goose chase suggested, 
and examine every prospe(!t and claim in the country, but the problems 
which the people wish to have solved should be solved if they can be. 

These very demands define the work of the stat^ surveys and separate 
it pretty sharply from that of the national survey. 

If we are to be perfectly honest with ourselves wo must confess that 
the state surveys have, as a rule, failed to do what the people have ex- 
]MM-ied of them, and on<* of the principal reasons for these failures is 
that the geologists have not had the counsel and the codporation of a 
national survey. The geologists who have encouraged the making of 
appropriations for the work have invariably held out the hope that 
these surveys would be devoted to economic geology, while members of 
legislatures who have supported such bills have invariably done so in 
the expectation that they would do something of direct economic impor- 
tance. But there are but few exceptions to the rule that these state ai>- 
propriations have been d(^vot<^d to paleontologic problems and to pure 
science, while <'cononiic probh;nis have been entirely lost sight of. 

These economic problems, or such of them, or rather, perhaps, such 
])hases of them as can safely be dealt with by the state, should be the 
special province of the state survey, while the broader questions which 
can be satisfactorily studied and safely discussed only over wide areas 
should be left to the national survey. 

It is true that economic and purely scientific problems cannot be en- 
tirely s(»[)arated, and there is no necessity that they should be, but geo- 
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logi«! work may give prcfcrcnco or prominence to one or to the otlier 
phase of the question as the case may demand. 

Some geologic problems naturally precede others, and if we work in- 
tolligoutly, we must take up these problems in their logical order. 15ut 
in state work this is seldom possible, for state geologists must do their 
work in an order made necessary, not by geology alone, but by some 
economic consideration it may be. 

I have said that economic problems should, in so far as possible, be 
loft to the states. There are cases, however, in which this cannot be 
done, for there are often those which, requiring study over a wider 
area, cannot be solved in a single state. These should bo studied in 
part or entirely as the case may demand, by the national survey. Take 
for example the lead ores of the country ; these ores occur in several 
stati>s, and in eacih case it may bo under somewhat different circum- 
stances. Now the study of the origin and distribution of lead ores 
should be taken up as a whole, and not simply as a local question, for it 
cannot be satisfactorily studied and discussed in any single place. 

If geology is studied as it should be the student must be at liberty to 
move about as the exigencies of his work demand. This is not per- 
mitted by state surveys, and even if the employees of a state survey felt 
themselves at liberty to travel over the country studying the questions 
with which they have to deal, they haven't appropriations large enough 
to admit of the heavy field expenses required for such work. 

Take again the subject of glaciation : how would it ever have been 
possible for any one, confining his observations to any single state, to 
have formed an opinion or to have reached a conclusion regarding 
glai'iation worthy of utterance. And I venture to say that if there is 
still a good deal to be learned before we shall fully comprehend the his- 
tory of the continent during Pleistocene times, it is due to no small ex- 
tent to the fact that our observations have not yet taken wide enough 
ranjje. * 

To be sure there is local work enough on this subject and to spare, 
but the great question as a whole could nev(;r be comprehended, stated, 
studied, or solved in any single state, or indeed at all unless one had 
<itirtc blanche for his movements. 

Professor Irving has well remarked :* What ** countless, interminable 
wraiiglings as to stratigraphlcal correlations in the states east of the 
Mississippi, .might have been prevented had any one geologist been 
able to follow through its whole extent the formation he w^as studying." 
But the state geologist is stopped by state boundaries, and the broader 
questions of stratigraphy and correlation cannot be settled or even sat- 
lsfa<'t<>rily discussed by him. 

It seems plain that in so far as the relations bi'tween the national and 
the state surveys are concerned the national survey should leave all that 
It can safely leave to private enteri)rise and to state surveys, and that it 
should deal with those problems which state surveys and individuals 
will not or cannot satisfactorily deal with. 



•The School of Mines Quarterly, Vol. IV. No. 4. June, 1883. p. 288. 
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It is my opinion also that tho national survey, being better lufornied 
of what is going on in the way of geologic work than the state geolo- 
gists, and being in every respect the strongest of our organizations, 
should hold out a helping hand to the state surveys, and from their 
wider and more valuable experience, give advice and encouragement to 
state work. In this way state aid to scientific' work would be encour- 
aged and the national survey would widen its helpful influence. 

It goes without saying that state and national surveys should not ride 
rough shod over each other just because there is no law to prevent 
their duplicating each other's work or their doing work that will inter- 
fere with each other's plans or efficiency. It would be easy for a gov- 
ernment survey to discredit and embarrass a state survey to suchaix>int 
that the state would put a stop to its own work. Fortunately our na- 
tional survey has been conducted rather with a view to aiding the stato 
surveys. But this aid can be made much more effectual than it ever 
has been, and I have no doubt it will be made so whenever we are all 
ready for such cooperation. 

Tlie United SUitent Survey and the ddlcges, — My own conception of 
scientific organizations is not that they should simply devote themselves 
to the accumulation of scientific facts — to research — but that thoy 
should at the same time encourage and develop scientific men. 

They should have much to do with the training of geologists in proper 
methods. It will not cost much, and it will look well, and the few ef~ 
forts required by su<'h encouragement must yield valuable results in the 
future. Gc?ologic investigation should, therefore, in so far as possible, 
aid and encourage instruction. 

Work is often needed in the vicinity of colleges in order to have It 
available in instruction, and the national survey should see that this- 
work is (lone — in other words, it should coOperate with the professor In 
chnrge, giving what ho needs, and obtaining in return such contribu- 
tions as he can make to local geology, • 

(rcologists are sometimes modest men. It is the duty of the national 
survey to look these modest men out, and to<in<'ourage and help thoni and 
to make them feel that they are a part of the geological body of the coun- 
try. It should sc(» to it that there is no geological ground left unculti- 
vated. 

CoopcrntUni. — If a cordial cooperation could be brought about bt5- 
tween all the working geologists of the c(»untry there would be more 
satisfactory progress all along the line. This is made necessary by the 
number of geologists in the country, by the country's va^t areA and by 
the conservation of energy and of funds. 

Imagine a number of men working, a few undc^r organize<l direction,, 
but a large, numbi'r independently, and with no responsibility to any 
one, for the pur])ose of erecting a large edifice. Those who direct have 
in mind all the siKH.iHeations : they know what kind of material is 
wanted and how much, and where it is needed. Those who bring and 
prepare tliis material use their best elT(»rts — they labor in love and with 
the inspiring hope that they are ecuitributing something to this great 
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building. What must one's feelings be when ho brings his contribu- 
tion to find that it is in the wrong place, or that it Is not wanted ? Mis- 
takes of the same sort are conAantly being committed in geologic work 
and in abundance too, all because we have no recognized directing head 
for the work done outside of the United States Geological Survey. 

The bulk of geologic literature must yearly become greater, and 
unless it becomes at the same time better, we must expect a day to ar- 
rive when geologists may well stand appalled before it. Much of this 
literature is practically worthless ; it is an encumbrance rather than a 
help to the progress of science, and we should feel grateful to any 
method that would deliver us and geology from an evil which is coming 
to be a more and more serious one. 

In one of the states in which the United States Survey has been doing 
topographic work, an area of 3,000 square miles that had already been 
surveyed had to be remapped by the state survey to meet its own de- 
mands. Here I think no one will have any difficulty in understanding 
the necessity of cooperation between the state and the national survey. 

Take as another example the chemical analyses made for geologic 
purposes. The chemists of state and national surveys have thrown 
upon them a vast amount of heterogeneous work, while but little or no 
time is left them for original investigations. A great many of their 
analyses are duplicated elsewhere, or may be duplicated in any number 
of laboratories, so that investigations that might otherwise have be(>n 
possible are prevented, and both chemistry and geology are hindered. 

The errors committed by geologists not connected with the surv(?ys 
are mainly due to haste, or in other words, to expression of opinion 
based upon t(H) limited observations. But only limited observations are 
possible to men of limited time for the work, and limitCHl means to work 
with, a limited area to work in, limited acquaintance with field geolo- 
gists, and limit<Hl opiK)rt unities for publication. 

There are many young geologists and men of but little experienr«» — 
amateurs — whose efforts are not so directed as to Ix' of as much service 
as they might be. Th<'y la<'k neither zeal nor means in many cases, but 
they do lack some one to guide their tottering footsteps. Their want of 
experience gives them but a restricted view of the field in which they 
arc laboring. Their labors cannot then^fore, unless directed by some 
one who has a sufticiontly broad view of the whole field, be of any valu(j 
to geology. Who will direct them? Or shall they go on piling higher 
their wasted energies, and lind themselves when they have I'ome to th<» 
end with the mortification of knowing that though they have worked 
hard and faithfully, they liave in reality contributed nothing to the 
sum of human knowledge ? 

So our energies are not fully utilized : we are like a great system of 
machinery with here a bent shaft wasting the greater part of its enercry 
in friction, there a broken belt that has stopped a useful machine, here 
a limber caught in the wheels and beating the walls and floors. 

If we could have some sort of c«M)peration. a man at work uimjii a ]>ar- 
ticular subject would have some assurance that his field of operations 
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would be, within all reasonable limits, loft to him. As matters dow 
stand a g('ologist is often obliged to mount guard over his own grounds 
and in his own work to keep the ulscrupulons camp-followers of 
science from walking off with and getting the credit for the results of 
his labors. 

Cooperation would enable each one to concentrate his efforts upon 
that line of work or that investigation in which ho Is especially Inter- 
ested. As matters have gone heretofore no state survey and no man on 
a state survey has been able to take up any one subject in a systematic 
and thorough manner unless it has happened that some one group of 
facts has been available in his own state alone. Take any topic you 
may choose for a test and you will find this to be an invariable rule. 

Do the best we may, there is not one of us who may not be benefited 
more or less by friendly criticism. And it is of great importance to the 
sciences that these criticisms be made before our results or observations 
are published. In this way we may avoid adding to that vast talus of 
geologic trash beneath which the science of geology is buried more and 
more each year. Such criticism is not possible except under conditions 
that enable us to know the lay of the land with reference to other gr^ol- 
ogists and to what they have done and are doing. 

It should be distinctly understood from the outset that such work is 
to be, not subordination, but coordination and above all cooperation. 
The demands of scientific work do not require and the conditions and 
peculiarities surrounding scientiiic ambition and devotion do not admit 
of the most successful and satisfactory work being done in a perfunc- 
tory manner. 

I would not by any means destroy the autonomy of local societies or 
of independent workers not formally connected with the public surveys. 
Certain independence of thought and action is essential to scientific ad- 
vancement, and friendly rivalry is not only not injurious, but it is ex- 
tremely helpful, and in many cases absolutely essential. But such an 
organization of geologists would have to allow and even encourage this 
indeiM>ndence. 

Evt^y man should be held responsible for his own work, and, in this 
way, made to retain the sense of personal responsibility. This plan of 
cooperative action, in order to be successful, would require that in the 
work accomplished there should be the fullest recognition for each 
man's contribution. Workers in science will not be found willing to 
make of themselves parts of a great piece of machinery which entails 
the loss of their individuality. They must have the fullest credit for 
all tlicy do. At the same time one must not try to get all the good he 
can without giving something in return. 

T have no idea that a "perpetual motion" sort of a geological machine 
can be devised, or that any arrangement or adjustment of parts is possi- 
ble which will entirely do away with friction. 

It is scarcely possible that any devise that can be made or suggested 
would be perfectly satisfactory, but it certainly is reasonable to expect 
that some system of cooiKjration can be devised and put into practical 
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operation. If ever such operation should be brought about, several 
points must be kept iu mind by us all. 

There must be a certain amount of elasticity in any plan that may be 
adopted, for geological investigation like any other investigation leads 
us off on many unexpected tangents. 

Subordination would have to be largely nominal, for those who do the 
best and most work would have to take precedence of those who did not 
so well. 

As much latitude as possible would have to be allowed individuality. 
Men are not like pieces of coal to be separated and classified by sizes or 
by specific gravity. 

Administrative methods devised for scientific work, like those of 
diplomacy, are often a series of compromises, and good sense must make 
up for the defects of any system. 

No plan of cooperation can succeed if we do not all take a broad and 
unselfish view of science and its functions ; we must work for its ad- 
vancement; and the idea of putting a caveat on this or that topic must 
be relegated to the dark ages of geologic science. 

Men will be ready to coOperat^ with us the moment thoy are made to 
feel that their contributions are useful and are appreciated, and that 
•they will not lie unattended for years in the hands of some one not im- 
pressed with the shortness of time and of human life. 

In order to have cooperation each one must do, in addition to tlie di- 
rect objects of his work, what others want. 

Local talent should be utilized. It would in many cas<'s save a good 
deal that now goes to pay travelling expenses, to say nothing of the im- 
portance of keeping all the geologists of the country actively interested 
in geologic work. 

A working geologist, if he works intelligently, must know and Ixcop 
in mind what other people are doing; and he certainly cannot do this 
if he is working alone, and without any recognized relations to otiier 
geologists. 

Now if geologic work can be improved by being under the nominal di- 
rection of those best fitted to direct, where are we to find our directors? 
The men who have done most to popularize the science of geolopy in 
tins country are our professorial geologists, and it is not unnatural that 
we should turn to them. But the teachers of a science arc not neces- 
sarily the best directors of research, while they are probably in no case 
thoroughly conversant with th(» work being done by the various state 
surveys and by the national survey. 

The direction of work over the whole country would be quite as im- 
possible, or even more so, from the states. 

The national survey, standing as it does at the head of all the geo- 
logic work done in the country, having the whole national domain as 
its field, and composed as it is, of our best geologists and having the 
most thorough organization, is, or should be, the natural head and di- 
rector of all geological work in this country. I have no doubt that the 
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national survey would bo glad to help In so far as it can to unify and to 
give useful direction to this work. 

I take this ground in the face of the statement of the distinguished 
Director of the United States Geological Survey who has said that *^all 
of this scientific research under national, state, and local patronage, 
cannot be controlled by some central authority, as an army by its gen- 
eral, from the fact that scientific men, competent to pursue original re- 
search, are peculiarly averse to dictation and official management. 
Scientific men spurn authority, but seek for coordination."* 

The function of a director or of a superior, in science at least, Is not, 
to bo sure, that of a commander ordering here and there men who must 
simply obey, who must have no independent opinions or plans of their 
own ; he must rather be a helper, a man to encourage, to suggest, to 
fire with enthusiasm those under him and to unify the work of the or- 
ganization of which he is the head. Scientific men do not spurn author- 
ity if there is any rt^ason for it, and as a proof of it we may cite the 
United States Geological Survey Itself, as well as all the state geo- 
logical surveys in this cxjuutry, or for that matter, in the world. The 
members of all these surveys submit to all reasonable authority, but 
they are also put upon congenial work, and they are permitted to do 
that work pretty much in their own way. Now why can there not be 
an organization of all geologists more or less similar to this? 

We may disabuse our minds of the thought that there is a probability 
or even a possibility of the government monopolizing geology. It can't 
do it ; geology belongs to the geologists, whether the government helps 
carry on geologic investigations or not. 

CinicUwions. — My conclusions are : 

First: that the groat and valuable contributions to geologic knowl- 
edge must be made by our official surveys, for they alone have the 
means for producing them — for gathering the facts, giving the neces- 
sary time to philosophical thought and discussion, and for furnishing 
the necessary illustrations, and for making and distributing the publica- 
tions. 

Second : tliat economic problems should be left, In so far as it is pos- 
sible, to the state surveys, while the national survey should deal with 
those requiring larger means and a wider range of observations. 

Third : that all the working geologists of the country should be 
brought into official or quasi-official relations with the state and na- 
tional surveys and their efforts and skill thus utilized. 

I am free to admit,' however, that no plan of operation or cooperation 
can be devised that will work to the complete satisfaction of everybody. 
We sometimes have men to deal with who are not amenable to either 
law or reason. 

In his presidential address before the American Association at Cleve- 
land professor Langloy compared the advance made by scientific men 
in their search after truth to that of a pack of hounds following a trail. 

•Testimony of Major J. W. Powell; Or»?anization of Certain Bureaus, Mis. 
Doc. No. 82, 49th Congress, Ist Session. 1884-5, p. 178. 
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Permit me to carry this simile still further. Hounds undorstaud that it 
is their business to follow the game, and, when left to their own 
instincts and wishes, they will follow it. Now imagine a bull-dog seized 
with the ambition to become a hunter and joining the pack of hounds. 
Every one knows that the bull-dog will, in spite of anything that can be 
done, have a fight with half a dozen, or, more likely, with the whole 
pack of hounds, by the time the chase is well under way. 

It is not a pleasing reflection to remember that the great search after 
Ijruth in which every genuine man of science is engaged, heart and soul, 
is often interrupted in this same fashion by the pugnaceous disposition 
of some companion. 

Let me recapitulate some of the benefits to be derived from voluntary 
«nd cordial cooperation between all geologists and all geological organi- 
zations in this country : 

I. Geologic research being under the nominal direction of the lead- 
ing investigators would be so conducted as to be of the greatest utility 
4o the largest number. 

II. When a piece of work was done by one it would be done for all, 
Mid duplication by state surveys and by individuals and the consequent 
waste of energy, time and money would cease. 

III. The functions and fields of official organizations being better de- 
fined, state and national surveys and individuals could so direct their 
efforts as to serve the purposes of others without neglecting their own 
immediate aims, and without infringing upon each other*s grounds. 

IV. National and state surveys would be strengthened and local or- 
ganizations and individual efforts encouraged. 

V. It would give us a better geologic literature, better instruction, 
better geologists and more thorough specialists. 

VI. And finally, we trust, it would put a stop to those oracles who 
4uro so re^y to prophesy in the name of science. 

The comprehensive character of geology requires us to draw upon 
many cognate branches of science, and successful cooperation among 
geologists would also react in favor of those sciences, for we need not 
only the cooperation of the geologists of the country, but that of the 
engineers, the miners, the meteorologists, astronomers and chemists. 

This ideal state of affairs may never be brought about, but it is none 
the less desirable that we should aim at it ; for the more nearly we ap- 
proximate to it the more rapid will be the progress of science, and the 
progress of science is the progress of civilization. 

To paraphrase a recent utterance of bishop Potter, '*It would be a 
monstrous conception of science if any one of us were to esteem it only 
as a selfish weapon with which he was to carve his way to personal 
fame and fortune."* It has often been used for just that purpose, but 
liigher ideals will give us nobler motives. 



*Phi Beta Kappa Addre-ss at Harvard. 1890. 
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EDITORIAL COMMENT. 



Quebec not in Conflict with Tacoxic. f 

In a late paper on the ** Quebec Group of Logan," published in 
the July number of the Canadian Record of Science (Montreal), 
by Sir William Dawson, it is clearly pointed out that the essential 
idea of Sir William Logan in the creation of the Quebec Group 
was to apply a name to a series of strata having ' < a great devel- 
opment about the horizon of the Chazy and Calciferous/' and 
that the name is still nee<led for convenience of use and because 
there is absolutely no othor designation to this day that can be 
made to include them as a group. In the group so designated 
should be placed that series of alternating magnesian limestones 
and sandstones ( containing conglomerates in the eastern part of 
America ) well known in the Mississippi valley, extending from 
the base of the Trenton limestone to the red sandstones at the top 
of tlie Keweenawan. In Vermont it has recently been shown bj' 
Brainerd and Seely that these strata have a great development. 
Mistakes which Logan, or others, may have made in defining 
the geographic extent of this group, or in supposing it to have 
been metamorphosed into crystalline or sub-crystalline terranes 
(such as the copper-bearing series of lake Sui)erior) should be 
eliminated, but these mistakes, as argued b}' Sir William Daw- 
son, should not be allowed to vitiate the conception which gave 
origin to the term. 

• * It may be said that the same arguments would necessitate the 
retention of the Taconic system of Emmons. To this I have not 
the slightest objection, provided that the same rule be applied to 
it : namely, that it be taken on Emmons' own definition, and 
without including rocks or fossils referred by mistake, either by . 
him or by others, to the horizon so defined. 

**In his American Geologij, 1855, Emmons says (part II, p. 6 ) 
that in 1830 he had regarded the Potsdam sandstone as *the base 
of the Silurian system,' but that he had since foimd *the same 
base resting on sediments still older. ' These he called the Ta- 
conic s^'stem, and defines this as a fossiliferous group under the 
L^otsdam, and itself ' found to rest upon Primary ( that is, crj's- 
tnlline) rocks.' Thus his Taconic of 1855 is clearly the middle 
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and lower Cambrian, of modem geologists, and the fossils whidi 
he attributes to the Taconic are in great part of this age. That 
in the subsequent pages of his book in tracing the Taconic through 
the complex structure of the districts in which it occurs, and 
•enumerating its fossils, he mixes other formations with it is most 
true. But fair critics of Emmons would do well to eliminate 
these errors, and leave him the credit of his discoveries in those 
pre-Potsdam rocks, which, though different in age from the Que- 
bec group, are like it, in the main, a marginal Atlantic series, not 
represented in the central plateau. '' (p. 139 ). 
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The Iroquois Beach: a Chapter in the Geological History of Lake On- 
tanrlo. By Pbof. J. W. Spencer (Trans. Royal Society, Canada, 1889). 
Nine or ten years ago Dr. Spencer published his first paper concerning 
the origin and history of the great lakes. Since then several papers 
have appeared. But the paper before us is somewhat lengthy and con- 
siders the greatest development of lake Ontario, but does not delimit 
the northeastern margins of the old lake, as researches had not been 
sufficiently carried on in that direction. 

The paper is based upon a great beach representing the only long 
episode in the history of lake Ontario, between the time that It became 
a separate lake and the commencement of the formation of the modern 
beach. The structure of beaches is touched upon, as well as boulder 
pavements. These questions are, however, more fully treated in ** An- 
cient Shores, Boulder Pavements," etc., a paper appearing in Bull. 
Qeoh Soc. Am., vol. i. The materials of the beaches about the lake 
(except towards the northeast of the ancient lake margin) are mostly de- 
rived from the boulder clay, which generally formed the shores of the 
old lake, or from modified drift. 

The beach is no longer a water level. At Ilamilton, at the extreme 
western end of the lake, the beach is 116 feet above its surface. Upon 
the northern side, this elevation increases until near Trenton (about 
130 miles distant) it Is found at a hight of 435 feet. From near Trenton 
the beach swings around towards the Ottawa river, and has been too 
Imperfectly followed to give absolute results. All of the author's meas- 
urements were instrumental levels, except in northern New York, where 
the barometer was provisionally used. 

Upon the southern and southeastern sides of the lake the measure- 
ments were those of Mr. G. K. Gilbert. In the eastern direction, upon 
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the southern side of the lake the rise is less marked, the beach being at 
Canastota (southeast of Oneida lake) 192 feet above the lake. But 
thence northward it rises rapidly to 450 feet near Watertown. The de- 
formation here recorded in a large measure explains the rocky barrier 
across the St. Lawrence outlet, compared with the depth of the lake. 

The question of connection with the sea is considered. Combining 
the warping of the Iroquois beach with that recorded in the beaches of 
the upper lakes traced all the way to lake Michigan by the author, it is 
seen that the Ontario sheet (called lake Iroquois) was at sea level during 
the time of the formation of the beach. It is regarded as like the gulf 
of Obi, which has similar proportions with the old lake and its continu- 
ation in what is now the St. Lawrence valley, with the water probably 
fresh in the upper portion of the basin. The question of glacial dams 
for holding the water is regarded as an impossible feature under the 
conditions, and indeed such ought not to be laid down until the eastern 
extension of the beach is proved to be absent. 

The formation of this high beach commenced at the same time as the- 
Niagara river, which the author places roughly at 26,000 years, based 
upon the mean known rate of recession (which would make it 15,000 
years had the fall of water between Erie and Ontario been that of the 
present day) and the then inferior descent of the waters of the Erie 
basin causing the erosion to have been less rapid than now, which 
would lengthen the time far beyond the 26,000 years, but which would 
be reduced by various complex causes. 

The paper is illustrated with a map and various sections. 

Nicholson mid Lyddeker's PalcBontology. — The size and growth of this 
work are an index of the growth and extent of the young science of 
palsoontology. Dating back no farther than the epochal work of Cuvier 
on the fossils of the Paris basin it has grown so rapidly that it now pre- 
sents to us a sketch of the life-history of the globe. Recent zoOlogy, 
once its superior, is rapidly falling into place as only a transitory stage 
in the long story of animal existence. Palaeontology, however, is di- 
vided into two branches — palseozoSlogy and palasobotany, and the present 
work deals chiefly with the former in the various departments of which 
the two distinguished authors have long been persevering and success- 
ful workers. Perhaps it would have been as well if they had yielded to 
their own suggestion and confinod their labors to this side alone,' omit- 
ting altogether the subject of palieobotany. That they felt impressed 
in this direction is evident from their preface where they say : 

** Fossil plants have been dealt with after a somewhat summary 
fashion because palseozoOlogy is of greater importance to the general 
student than pala^obotauy, and because the latter subject is one of great 
complexity and one on which neither of the authors has any claim to 
speak with authority." 

In their introduction the authors have given an excellent chapter on 
contemporaneity, pointing out the distinction that should be made be- 
tween it and homotaxis. This has often been brought forward, but is 
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constantly overlooked. Huxley called attention to it mflny years ago 
by remarking that exact resemblance between two distant faunas was 
proof that they were not contemporaneous, inasmuch as there must 
have intervened sufficient time for migration from one place to the 
other. Such deposits are, however, homotaxial, because they represent 
the life of corresponding eras in the two regions. The comparatively 
small difference in date becomes almost infinitesimal by the side of the 
immense distance that sunders them both from the present. Geologists 
are apt to lose sight of the former in their strong appreciation of the latter. 

Another chapter treats of the continuity of life, a subject on which no 
geologist now entertains any doubt. The catastrophes of the earlier in- 
vestigators such as E. do Beaumont are as dead as their authors, and 
the remaining gaps in the record give us no anxiety. 

The discussion of the doctrine of ** colonies " is of great importance. 
It is well known that the late M. Barrande announced his belief that 
whole groups of species appeared in a local and transient manner at cer- 
tain places before appearing as an established fauna. Thus he main- 
tained that Silurian species could be found in spots in Bohemia among 
Ordovlclan (Lower Silurian) strata, and that the alternation occurred 
several times before the permanent establishment of the later fauna 
took place. Now while there is little difficulty in accepting this doc- 
trine if confined to species differing but little in age, it has been difficult 
to admit the alternation or simultaneous existence of faunas so widely 
distant as the Ordovician and Silurian. Only the high authority of 
Barrande could have given it the currency that it has obtained. Our 
author is evidently in favor of accepting the view of Mr. Marr that 
these seeming colonies are only results of repeated faulting-down of 
Silurian among Ordovician rocks. In this case the seeming difficulty is 
removed and the so-called ** colonies** have no existence. 

In the chapter on the imperfection of the geological record the argu- 
ment originally put forward by Darwin is developed with great force 
and clearness. The author shows that the want of hard parts is one of 
the chief causes of this imperfection and brings in evidence the fact 
that in the various groups of the animal kingdom those families are, on 
the whole, abundantly represented whose living species possess hard 
skeletons. Thus among the rhizopods, the Amoebea and Monera are 
missing from the rocks, but the foraminifers and radiolarians (at pres- 
ent calcareous and siliceous) are exceedingly abundant. So the Myxo- 
spongiic (soft) are absent, but the Porifera (hard) abound in the fossil 
state. Likewise the hydras and medusas, the sea-anemones and cteno- 
phores are wanting, but the corals, graptolites and stromatoporoids com- 
pose vast masses of rock. Other similar cases are cited. 

Views on geological climate are expressed with great caution. In the 
present conflicting state of the evidence this is the only wise plan. 
Eminent geologists and physicists so widely differ in opinion that no 
confidence can be felt in any positive statement. 

The composition of the work has been divided between the authors in 
accordance with their palseontological pursuits for many years past. 
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Prof. Nicholfton takes the invertebrates and Mr. Lyddeker the verte- 
brates. 

It is well to remark at the outset that the arrangement is not "strati- 
graphical " as in Lyeirs ** Elements." That is, it does not follow the 
geological sequence of the formations. It is entirely zoological. While 
this is far loss convenient for the student of a special horizon, it is the 
only way of treating the subject in a biological manner and avoiding 
constant repetition. It is, of course, subject to the inconvenience that 
the fossils of the various systems are mingled in such a way as to 
destroy the " facies " whereby a system may be readily recognized and 
is for that reason less suited to a beginner than the other arrangement. 
Just as a geological museum, zoologically arranged, is almost infinitely 
puzzling to a young geologist. 

Ck)ming now to the body of the work and beginning with the lowest 
class, the rhizopods, very slight traces of the Foraminifera have been 
met with below the Carboniferous rocks, but in these they become so 
abundant that rock-masses are composed of their remains, such as the 
great Fusulina limestone of Russia. The white chalk of Europe is con- 
sidered as closely resembling the Globigerina ooze of the Atlantic, the 
lower proportion of silica in the former being chiefly due to its segrega- 
tion as flint — a fact bearing on some modern geological problems. 

A summary of the arguments anent Eozoon is appended in which the 
case is very fairly stated, the author considering that the vexed ques- 
tion regarding its nature is still incapable of final solution. He adds 
the caution drawn doubtless f^om his own large experience with corals 
that only the best specimens can fairly be employed as evidence toward 
the solution of this problem,* and also remarks that until mineralogists 
or petrologists are able to point in some unquestionable mineral or rock 
to a structure strictly comparable with the "canal-system" of Eozoon 
they are not entitled to assert that the latter has a purely inorganic 
origin. 

Remains of radiolarians are also very rare in the older rocks and less 
abundant than those of the preceding group in Mesozoic deposits. In 
some of the Tertiary beds, however, they are so abundant that they con- 
stitute a groat part of the mass. The well known "Barbadoes Earth *' 
is one of them, a friable, chalky marl, rising to a hight of 1,000 feet 
above tide. 

In the chapter on the sponges we find the subject brought well up to 
date, except perhaps in the regard to Dictyophyton. Receptaculites is 
well discussed and illustrated by the recent investigations of Dr. Uinde.f 
Dr. Billings' figure is shown to represent Ischadites rather than Recep- 
taculites. 

Sponges arc found first in the Cambrian rocks of S. Wales, Proto^ 
spongia fcticstraUi occurring at St. David*s Head, and they are espec- 
ially abundant in the Carboniferous and Cretaceous formations. "The 

* To the writer's knowledfire much material has been distributed by dealers and 
othors as Eozoon whicli contains no eozoic matter at all- 
t Fig. GO should be numbered 61. 
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nodular flints in the white chalk have been produced by the solution of 
the skeletons of flinty sponges and the redeposition of the silica in solid 
form." 

But the author is especially at home among the Ccelcnterata which 
have formed the chief object of his studies for many years. Accord- 
ingly, we find them treated at considerable^ but not, considering their 
importance and difficulty, too great length, in 170 pages. It is mani- 
festly impossible here to follow our author in any detail, but a few 
points may be noted. He is apparently inclined to regard that most 
ancient fossil Oldhamia as of vegetable rather than of animal origin, an 
opinion in which we think few will agree with him. If organic, it is 
more likely that a frond of a zoOphyte should have been preserved from 
Lower Cambrian days than a sea-weed. The recent discovery of trilo- 
bites in strata of similar age in N. Wales is rather significant in the same 
direction. 

In the jelly-fish here belonging (Lucernarida) we find curious evidence 
of the possibility that one of these soft-bodied creatures may leave a 
lasting impression on the rock, so that if not itself a fossil the record of 
its existence at least survives. From the famous quarries of smooth 
lithographic limestone at Solonhofen has come a cast consider^ to rep- 
resent the swimming-bell of a jelly-fish, and Nathorst, of Sweden, has 
shown cause for believing that TorelPs so-called plant **Eophyton" is 
only the trail of one of these animals in soft mud. 

In the chapter on stroma toporoid corals, the author, in speaking of 
the anomalous genus **Bontricca, " inclines to the view that its nearest 
relationship is here and that it is allied to Labcchea and Idiostroma, 
but at the same time refrains from any positive statement. 

As might be expected the Zoantharia are very fully and excellently 
treated. The author's famlliarty with this branch of his subject is well 
shown by the wealth of illustration here displayed, much of which is 
original. In no part of the subjects of the first volume is the progress 
of the science more clearly shown than here. Any one who recalls the 
time when Milne Edwards and Lonsdale commenced their labors, will re- 
member what a chaos this part of our museums and treatises exhibited. 
Ck)rals were the ** bCte noire'' of the collector and of the student. But 
thanks to the recent laborers in tliis field, among whom Prof. N. has 
been by no means the least, and thanks also perhaps in an equal degree 
to those who have so vastly improved the mechanical processes of cut- 
ting, slicing and polishing specimens, the light is beginning to dawn 
where all was previously darkness, and before long we may hope to he 
able to refer well preserved fossil corals to their proper zoological posi- 
tion witb reasonable certainty. 

In the difficult group of the monticuliporoids the author confesses the 
difficulty which he feels regarding their zoological affinity — whether 
they should be regarded as a peculiar group of corals or an equally 
peculiar group of Polyzoa. 

Echinodermata are treated under the two heads of Echinozoa and 
Pelmatozoa. Of these the latter are by far the more important in 
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palaeontology in consequence of the great numbers and exquisite beauty 
of the class Crinoidea which it contains. Dr. N. adopted the classification 
of Wachsniuth and Carpenter, and divided them into thePala&ocrlnoidea 
and Ncocrinoidea, the former comprising all the known palaK>zoic crin- 
oids, and nearly corresponding with Mtlller*s Tesselata ; the latter in- 
cluding all post-palaeozoic cfinoid forms and nearly corresponding with 
MQlleWs Articulata and Costata. 

The distinctive characters of the first group are a calyx large and 
massive conijiared with the arms, interradial plates usually present and 
often united with the radials so as to form part of the calyx ; and inter- 
radial plates specially developed rendering the calyx unsymmetrlcal, 
and also the presence of a plated vault on the ventral surface. In these 
points they diflFer from the Neocrinoidea. 

But in an appendix the author says that while the work was passing 
through the press the discovery was made of the ventral coverings of 
Encriuus and Taxocrinus, ^' the latter genus having a plated disc ex- 
actly like that of a neocrinoid " and thus bridging over the previously 
existing gap between the two groups. 

Owing to the softness of the bodies of the Annelida the palseontologist 
has usually to deal with merely the tracks which they left on the sands. 
The reference of one of these, Scolithus, to the Clinton group is prob- 
ably an error for the Medina. Many of the so-called plant-fossils of the 
older rocks are attributed by Nathorst to the tracks of annelids. Curi- 
ous vermiform masses at Solonhofen are probably fossil worm-casts. 

On the othor hand the author shows that the Myrianites of Europe 
and North America is not a trail at all but **the edge of some vortical 
laminar expansion lying at right angles to the strata.^' In regard to 
Grossopodia the suggestion is made that It may have been produced by 
a gasteropod, and the trail of Purpura lapUlu^t Is given in illustration. 

Regarding the well known and disputed conodonts there seems to be 
some divorgonco of opinion between the two authors, one of them speak- 
ing of thesn minute fossils as belonging to the invertebrata and the 
other api)arently inclined to favor a higher origin. See pp. 480 and 922. 

Th<' Arthropoda occnpy rather more than 100 pages, and of these the 
Crustacea are treated under fifteen orders, a few, as might be expected, 
monopolizing most of the space. These are the Ostracoda and Phyllo- 
poda, the trilobltes and eurypterids. The chapter on the former gives 
an extellent and very condensed summary of what is at present known* 
with details in regard to the recent discoveries of the locomotive organs 
of this remarkable extinct order. Hither the author refers Climac- 
tichnites, noting thr^ suggestion that it may have been the track of an 
ouryptorid. No eurypterld is, however, known from the Potsdbm rocks 
where these trails occur. Rusichnites he considers with Dawson the 
cast of the burrow of a trilobite as it is sometimes connected with a 
s<*ries of markings resembling Asaphoidichnus. A very useful siim- 



' Wo may remark in reyrard to (»ii<» point, tliat the vertfcal range of Conocoryphe 
is jfiven as from the upper Cambrian to tlu* Ordovician but the recent discovery 
of Connroryp/ir rinla in tlio Penrhyii slate** of north Wales carries this Kenutt 
ilowii to a much earlier date in the Lower Cambrian. 
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mary of the classification of the order is appended according to Bar- 
rand e. 

The Malacostraca and the eurypterids are dismissed somewhat briefly, 
the former in ten, and the latter in four, pages. 

The Arachnida have of late awakened great interest in conse- 
quence of the almost simultaneous discovery of Scorpions in Gothland, 
Scotland and New York, in Silurian strata, the earliest previously 
known being of Carboniferous age. Although the evidence of the air- 
breathing habit in those animals is not so strong as might be desired 
there can be no doubt of their zoological relationship. Possibly they 
were aquatic. The author says, ** It is probable that some of the more 
ancient forms were littoral in habit." He includes all the three 
described, Palseophonus, Eoscorpius and Proscorpius. 

A few years ago no fossil insect was known except those which 
attracted attention by being found in amber. But now a large insect 
fauna has been discovered and by the labors of M. Brongniart and Mr. 

■Scudder the broken fragments have been studied and we already have a 
fair idea of the line of development of the class. '* Between 2,000 and 
3,000 species of fossil insects have been described." 
The oldest known Insect is Palieoblattina douvillei, from the Silurian 

■of France. No more are known till we reach the Upper Devonian of 
North America. The Carboniferous, both of Europe and America, is 
rich in insect remains. The Trias of Colorado, the Lias and Woalden 
of England, Germany, and Switzerland, the OOliteof Solenhofen and the 
Tertiary on both continents, have all contributed largely to the history 
of insect-life. 

All palaeozoic insects are included in the Palaeodictyoptera of Scudder, 
a group of generalized hcxapods in which metamorphosis was not com- 

,plete, the four wings were equally developed and the ncuration was 

simple. The four groups into which this order is divided — the orthop- 

terolds, the neuropteroids, the hemipteroids, and the coleopteroids, 

foreshadow the four modern orders after which they are named. 

At later dates more clearly defined representatives of these orders 

'began to appear — the Hemiptera, in the Jurassic as cicadas, and in the 

' Cretaceous as plant-lice and water-scorpions, the Orthoptera in the 
Trias as cockroaches, the Neuroptera in the Lias as white ants, etc. Of 
insects undergoing complete metamorphosis the Diptera, with a few 

'exceptions, appear first in the Tertiary, chiefly in amber, the Lepidop- 
tera in the Jurassic and Cretaceous, and the Hymenoptera in the Middle 
Tertiary, excepting the Palsefjtnyrmex of Heer, if correctly determined, 
from the Swiss Lias, and a very few other Mesozoic forms. The Cur- 

'Culionidse, according to Mr. Scudder, are the oldest of the Coleoptera and 
date from the Triassic. Most of the leading existing families of this 
order had representatives at about the same epoch.* 



•The writer has some specimens of Trigonocarpon from the English 
Coal-measures, which have apparently been bored by the larva of some 
insect, probably a weevil. This would indicate a yet greater age for 
some of the group of the Curculionidac. 
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In tho summary of the Polyzoa the author has made liberal use of his 
Canadian and American experience, and his pages exhibit a number of 
original figures of fossils from the western continent. These, of course, 
belong to the Cyclostomata or older group, the Cheilostomata being 
almost exclusively of later date. 

The large and important class of Brachiopoda to which belong the 
oldest known animals on the globe ( Eozoon excepted ) is well treated, 
but not at great length. The work of Davidson of course here forms 
the base. Tho leading characters of the 15 familes into which the class 
is divided are fully and clearly given. 

The chapter on the Lamellibranchiata contains a good sketch of tho 
leading points in their structure in so far as it relates to palaeontology 
and a summary of the orders and families. It is, however, so condensed 
that it is impossible to give any brief account of it. The nature of the 
subject also, this group having been a favorite topic with palseontolo- 
gists for many years, precludes the introduction of much new matter in 
a work like the present. 

In the treatment of the Gasteropoda we note that the three air- 
breathing families represented by the genera Cyclostoma, Acicula and 
Helicina are included in the prosobranchiates in spite of their possess- 
ing a pulmonary chamber; other structural features being considered 
of greater importance. The latest classification of the group according 
to the structure of the ^^radula" or tongue is not applicable, as the 
author shows, to fossil forms, which are most readily arranged as 
holostomatous and siphonostomatous — the forms with entire mouth 
being the more ancient and the less specialized. Of the palaeozoic 
gasteropods the families Capulidsc, Pleurotomariidse, Belleiophontids^ 
(type extinct) and Euomphalidas are by far tho most important. Most 
of the families (52 in all) belong to mesozoic and caBnozoic time. 

The Opisthobranchiata and ficteropoda being nearly destitute of 
hard parts have few fossil representatives. 

Among the pteropods the author includes, and we think wisely, the 
disputed forms Conularia, Hyolithes and Tentaculites. Indeed it would 
be difrtcult to indicate any other more probable place for them. . This 
reference makes the pteropods nearly or quite coeval with the oldest 
known fossils, Eozoon excepted, since Hyolithes descends even lower 
than the lowest limit here assigned (Upper Cambrian), H. dunlintis 
and H. gracilis having been described by Mathew from the St. John 
group of Nova Scotia. The extinct Conularia was the largest of all 
known pteropods, some species attaining the length of a foot. In the 
case of Tentaculites Prof. N. thinks it probable that some of the forms 
referred to this genus belong rather to Cornulites and quotes Hall who 
has pointed out that all the forms from the Ordovician rocks of N. 
America are curved and longitudinally striated. But if all these belong 
to Cornulites it is almost certain that some case showing marks of at- 
tachment would have been found. 

The pulmonary gasteropods are at present of slight pala^ontological 
importance. The earliest forms are Zonltcs prlscuH and Pupa vetustih 
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of Dawson from tho Carboniferous of Nova Scotia, and save a few In- 
tcrmodiate fossils wc must wait till tho Tertiary age for the frequent 
appearance of the now abundant land and fresh-water snails. 

On the other hand the cephalopods are the most important, attractive 
and interesting of all the fossil moUuscan fauna. Not however so 
much in their higher types as in their lower forms, for excepting the 
Belemnites of the Lias, OOlite and Chalk, the dibranchs now so abun- 
dant require small space in a manual of pahTontology. Of the genus 
Belemnites alone three or four hundred species are already known. A 
few forerunners of the coming host come up from tho Trias and equally 
few descendents linger on into the Miocene but as a whole the group is 
specially characteristic of Liassic, OOlitic and Cretaceous strata. 

But the tetrabranchs are among the roost wonderful and beautiful of 
fossils. In the palseozoic rocks the nautiloid type prevailed with simple 
sutures and siphuncle variable in position and often contracted. Re- 
garding this group Prof. N. says : 

**The earliest types of the Nautiloidea appear in the Upper Cambrian 
deposits where the genera Orthoceras and Cyrtoceras are represented. 
In the Ordovician rocks an enormous number are known, no fewer than 
463 species having been recorded by liarrando from rocks of this age in 
Bohemia alone." "The maximum development of the group takes 
placre, however, in the Silurian age, the Bohemian area having yielded 
to the researches of Barrande over 1,000 species. In the lati»r palicozoic 
rocks the nauliloids exhibit a progressive diminution in numbers and 
only Nautilus and Orth(K'eras survive the close of this period, the latter 
finally dying out in the Trias. The few known Tertiary types belong to 
Nautilus or closely allied forms, and the sole existing representatives of 
the sub-order are four living specie of Nautilus.'' 

Two genera (mly of this great family have the S(>ptal necks direct(?d 
forward — liathmoceras and Nothoceras. In all others they are as in the 
modern Nautilus. 

But it Is after passing into the Mosozolc age that the full glory of the 
tetrabranchiates appears. The long straight shell so frequent among 
the nautiloids has given place to an elegant spiral, and the simple septa 
have been replaced by oth(»rs w^ith plaits and folds so complicated and 
beautiful that their outline gives a dendritic appearance to the casts of 
the shell. 

In lat(> mesozoic times the cephalopod shell shows a tendency again to 
uncoil and the perfect spiral of the ammonite is succeeded by the imper- 
fect or partial coil of the hamite, scaphlte and even the straight bacu- 
lite. But in regard to these genera we cannot do better than quote the 
words of our author — 

" Formerly all these forms were grouped under a comparatively small 
number of the genera such as Ceratites, Ammonites, Ilamites, Turril- 
ites. Baculites, etc., distinguished mostly by the mode of growth and 
the resulting form of tho shell. By far the most important of theso 
groui)s was the comprehensive genus AmmonUcft embracing the great 
series of forms commonly known as **Ammonites." Through the re- 
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searches of Hyatt, Neumayr, Mojsisovics, Waagcn, von Zittel and oth- 
ers it has now been shown that the old genus AmrmmUefi can no longer 
be retained but that the types formerly included under this name admit 
of a natural division into a number of genera which in turn constitute 
a number of distinct families. These modern divisions are distinguished 
by such characters as the size of the body chamber, the form of the 
sutures, the shape of the aperture and the presence or absence of an 
Aptychas." 

In accordance with this principle the names PhyUoceraSj Haploceras, 
etc., have been introduced in place of the old term Ammonttea. If it 
had been possible to use a uniform termination the transition would have 
been attended with little difficulty, but this was not done. It is conse- 
quently usual, and, indeed, almost necessary, to give in addition the old 
name to prevent needless trouble. Thus we read HoplUes {Ammonites) 
fcUcatus, 

**The earliest representatives of this vast group of the ammonoids 
appear in the Trias. In the Mesozoic it undergoes a vast development. 
In the Cretaceous rocks new and varied types are found but at its close 
the entire group of the Ammonites underwent an apparently sudden 
and almost complete extinction.'^ 

Regarding the bodies called ** Aptychus" the author gives no opinion 
merely quoting the two views, viz., that they were protective plates de- 
veloped within the walls of the nidamental gland in which case all such 
ammonites must be females, and that they are produced by the calcifi- 
cation of the hood and served as the operculum to those species that 
possessed them. In the former case they were nearly homologous to the 
"shell " of this argonaut. 

The author has been very careful In regard to the terminology — a 
stumbling-block to many palaeontologists — sometimes in consequence of 
their want of classical knowledge, and occasionally, we fear, in conse- 
quence of indifference to the details of the work. For this the accu- 
rate worker will feel much indebted to him. Incorrect formation of 
terms is a great annoyance to those who realize it, especially when with 
the incorrectness comes, as Is often the case, an uncouth and unmelo- 
dious sound. 

At a later date we will follow Mr. Lyddcker through the second 
volume of this valuable manual. 

GeologUial and Pnlccontological Relations of the Coal and Plant' 
1)€nring Beds of'Pal4Vozoic and Mesozoic Age in Eastern Anstralia and 
Tasmania ; with special reference to Vie Fossil Flora. Described^ itlus- 
trated, and compared with Analogons Deposits in other Countries. By 
Ottokab Feistmantel, M. D., etc., Sydney, Neio SotUfi Wales, 1890. 
This is No. 3 of the Palaeontological series of memoirs published by the 
Geological Survey of New South Wales. The coal and plant-bearing 
bods of eastern Australia and Tasmania are typically represented in 
New South Wales and include Silurian beds with a plant, Spirophyton. 
etc. ; the Ooonoo Gormoo beds with LcpUlodendron nothum etc.. 
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roferrod to the Devonian ; Lcpidodendron beds, rich in fossil plants, 
belonging to the LoWer Carboniferous : Marine beds with intercalated 
coal measures of the age of the middle and upper Carboniferous ; New- 
castle beds, with coal, and regarded as Permian ; and the Hawhesbury- 
Wia/namaUa beds, with coal and numerous fossil plants, referred to the 
lower Mesozoic. Corresponding series of strata occur in Victoria, 
Queensland and Tasmania. 

A conglomerate occurring in the Marine beds of the Upper Carbon- 
iferous contains erratic blocks together with striated boulders and 
pebbles, and the Australian geologists conclude that it has been formed 
largely through the agency of drifting ice. It would thus seem that 
the southern hemisphere at least had been subjected to the rigors of a 
glacial epoch near the close of the Palaeozoic. During this period of low 
temperature w^ have the beginning of a Mesozoic flora which, associ- 
ated with a Carboniferous fauna, persists in increasing numbers of 
genera and species throughout the time represented by the Newcastle, 
or Permian strata. Dr. Feistmantel correlates the Carboniferous con- 
glomerate of New South Wales with the Bacchus Marsh beds of 
Victoria, the Talchir group of India, and probably with the Karoo for- 
mation of Africa, all of which groups seem to belong to the horizon of 
the upper Carboniferous and all, according to competent authorities, 
appear to have been formed in part at least by the action of floating 
ice. The volume contains 183 pages, 70 pages being devoted to biblio- 
graphy, and correlation of strata, and the remainder to description of 
species. A few species of fishes and amphibia are noted, but the work 
is chiefly devoted to the description of fossil plants. Thirty plates 
illustrate the species described. 

Records of Vie Oeologieal Survey of New South Wales. Vol. I, Part 
III, 1889. This part of of Vol. I embraces pages 149-183 and Plates 
XXV-XXX. The table of contents will give an idea of the scope of 
the publication. The articles, numbered XVI to XIX, inclusive, are : 

On the occurrence of the Genus MeUtlanla in the Pliocene Deep Lead 
at Canadian, near Gulong ; With Plates XXV and XXVI ; by R. Eth- 
EKiDGE, Jr., Palaeontologist. 

The Leucite-Basalts of New South Wales, with Plates XXVII and 
XXVIII; by T. W. Edoeworth David and William Ander80>% 
ideological Surveyors. 

On our present knowledge of the Palaeontology of New Guinea, with 
Plate XXIX ; by R. Etheridge, Jr., Palaeontologist. 

On the Mineral Spring at Rock Flat creek, near Cooma, Monara Dis- 
trict, with Plate XXX ; by William Axdersox, Geological Surveyor. 

Mr. Etheridge introduces his first paper by saying, *'So far as I am 
aware, neither the remains of the large extinct Lacertilian Megalayiia 
(? Varanus) prlsca, Owon, or either specie^ of the horned Chelonian 
MeUtUinin have so far been found in any of the New South Wales Plio- 
cene or Post-Tertiary deposits. Both genera were met with In accumu- 
lations of the latter age in Queensland, and the last named at Lord 
Howe Island. "' 
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The F088U FUih€8 of the Hawkeabury Series at Chsford. By Arthur 
Smith Woodward, F. Z. S., F. G. S. Sydney, 1890. This volume of 
57 pages and 10 plates Is No. 4 of the palsDontological series of memoirs 
of the Geological Survey of New South Wales. It is devoted to the 
description and illustration of an interesting series of fossil fishes, 
which, taken with the previously described forms from the same hori- 
zon, confirm the views respecting the Triassic age of the Hawkesbury- 
Wianamatta series of New South Wales. 

Western AustraWin FoasUa, 1. Stromatoporoidea. By Prof. H. A- 
NiCHor.80N, M. D.. F. G. S. 2. Corals and Polyzoa. By Gborgb Jen- 
nings HiNDE, Ph. D., F. G. S. (Extracted from the Geological Maga- 
zine, Decade III, Vol. VII. May, 1890, ) 

The stroma toporoids noted by Dr. Nicholson in this paper are Actln- 
ostronui cUithratum and Stromatoporella eifelenMs, species originally 
described by Nicholson from the middle Devonian of Germany, and now 
found to occur at the same horizon on the opposite side of the globe in 
western Australia. The corals and polyzoa by Dr Ilinde embrace Devo- 
nian and Carboniferous forms. Seven of the species are new, and a new 
generic name, Plerophylluniy is proposed to take the place, probably of 
Dr. Koninck's Pentajyhylhun, a name first employed in 1831 to designate 
a genus of Coleoptera. 

Rcraarks on some Fossil RemaUis considered as 2>ccu^^''' Mnds of 
Marine Plants, By Leo Lesquereux. ( From the Proceedings of the 
United States National Museum, vol. xiii, 189Q, No. 792, pp. 5-12* 
pi. i). We are told by the editor that 'Hhis paper was prepared and 
submitted for publication some months before the death of the author/' 
and it is professor Lesquereux's last contribution to paleobotany. Cer- 
tain peculiar organisms arc described, -which were collected by the 
Rev. H. Herzer in the Devonian rocks of Ohio. The HalymenUes 
herzcri is from the Upper Helderberg limestone at Sandusky, while 
Cyllndrttcs strUitus and Physophycus bllobatns are from the Erie shale 
(Portage) bordering lake Erie, near Cleveland. The Cylindrites occur 
in arenaceous shales while the Physophycus are found in flattened con- 
cretions distributed in the shale. The stem of Halymenites is split 
lengthwise and shows its inner structure, which is hollow and bordered 
with cellular matter that is intermixed with a large number of round 
spores, or reproductive gemmules. *'The specimen is remarkable and 
of great value, for until now very few fossil remains of marine plant^v 
have been discovered with their internal texture in such a state of pres- 
ervation that its characters were possibly discernable." The author 
states that the specimens of Physophycus "belong to that class of ill- 
defined fossil remains fitly called problematic organisms by Saporta. 
By some they are regarded as the remains of marine plants of old types 
that have been gradually effaced and are now extinct. . . . others, refus- 
ing to find in them any trace of vegetable nature, regard them as 

the result of mere mechanical mouldings produced by the movement of 
water or the tracks or burrows of different kinds of animals upon soft 
muddy surfaces." 
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SUil\cfkaT\a amd SyringosphcBridoi : Prof. P. M. Duncan in the Rec- 
ords of the Geological Survey of India, vol. xxiii, part 2, p. 80, brings 
forward undeniable proofs that his genus StoHcjkaria is quite distinct 
from HeterasMdium A. E. von Reuss. According to Prof. Duncan, 
Dr. Nicholson has figured a section of what the latter considers to 
illustrate the minute structure of Stolicflfaria Dune, which Prof. Dun- 
can says is not a section of his genus but of SyringosphcBridcB and Dr. 
Nicholson again falls into error by figuring StollQfliaria granUUUa Dune, 
which is clearly Syringosphceria vorosa Dune. The paper then contin- 
ues by describing two new species and two new varieties of Syringo- 
^hosridoe^ S. medllcottU S, intermedia sp. nov. 8, plana and S» mon" 
HcvZarUB, var. 

The QeographicaZ Distribution of Fo8»U Plants. By Lester P. Wabd. 
Pages 663-960, with map. (Accompanying the eighth annual report of 
the director of the U. S. Geological Survey.) This is a well arranged 
and practically complete review and bibliography of the literature of 
paleobotany. The published investigations which have been made in 
all countries are noticed in geographic and chronologic order, with iden- 
tification of the geologic horizons as far as practicable, 114 pages being 
devoted to the countries and provinces of Europe, 13 pages to those 
of Asia, 18 pages to Africa, the Sunda islands, and Australasia, and 
the remainder to the Arctic regions and North and South America. 
Forty-five states and territories of the United States, including the Dis- 
trict of Columbia, the Yellowstone National Park, and Alaska, have 
fossil plants, the richest being Pennsylvania with its great representa- 
tion of the coal flora. The accompanying map shows the localities of 
fossil plants in this country, colored to distinguish their geologic age. 
A good index, including more than 7,000 references, makes this work a 
most convenient and valuable manual. 

The Paleozoic Fislies of North America. By John Strong Newbbrrt. 
pp. 340; plates 53. (Monographs of the U. S. Geol. Survey, vol. xvi, 
1889). After referring to Prof. E. W. Clay pole's discovery of Pteraspi- 
dian fishes in the Upper Silurian rocks of Pennsylvania, the earliest 
fossil fishes thus far known. Dr. Newberry describes, in about 50 pages, 
the distribution and the generic and specific characters of the fishes of 
our Devonian system, which, as he states, is perhaps better represented 
in eastern North America than anywhere else. The next 150 pages 
similarly treat the fishes of our Carboniferous rocks, in which both their 
numbers and variety far surpass the preceding period. No Permian 
fishes from this country have come under the author*s observation ; and 
the remainder of the volume consists of the plates, with their explana- 
tions, and the index. In a previous monograph (xiv of this scries) Dr. 
Newberry has described our Triasslc fishes, gathering in these two vol- 
umes the results of many local surveys. Prominent among these in its 
wealth of Paleozoic Ichthyology is the geological survey of Ohio, for 
which Dr. Nt^wberry, in his reports on the paleontology of that state, 
has discussed the classilication of our older fossil fishes and their rela- 
tions to living forms. 
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Fo8fdl Wood and Lignite of the Potomac Formation, By Frank Hali« 
Knowltox. pp. 72 ; plates 7. (Bulletin of the U. S. Geol. Survey, No, 
56, 1889). The first part of this report gives a concise history of the 
progress of study of the internal structure of fossil wood and lignite, 
with the bibliography of this subject. Lignite and silicified wood occur 
in the Potomac formation on the Potomac and James rivers, and in 
Baltimore. One of the trunks of silicified wood, exposed by the excava- 
tion for the new reservoir in Washington, was between 30 and 40 feet 
long, with a diameter of nearly 2 feet. Generally the tissue of the sil- 
icified specimens is very perfectly preserved, and five species are de- 
scribed, all of them new, four being referred to the genus Cupressinoxy- 
lon, and one to Araucarioxylon. A summary of Mr. Knowlton's inves- 
tigation has been presented in the Geologist, February, 1889. 



COKRESPONDENOE. 



The Qlaciation of the Cordillera and the Laurenttde. In the 
excellent paper on the Qlaciation of the Northern Part of the CordiUera 
read by Dr. G. M. Dawson before the Royal Society of Canada at the 
meeting held in May last, an abstract of which appeared in the Septem- 
ber number of the American Geologist, the author proposes the ap- 
pellation LaurenUde glacier for the ice-sheet which, in the Pleistocene 
period, occupied the mountains of that name, to distinguish it from 
'Mfcs western fellow," which he had designated the Cordilleran glacier. 
Further detailed study of the phenomena of these important glacial cen« 
tres is however, evidently required, and would, I believe, result in show- 
ing that the ice masses referred to may not have been altogether so con- 
tinuous and massive as Dr. Dawson assumes. It is not improbable that 
there, as elsewhere, the ice-sheets may have consisted of a number of 
local glaciers, large and small, dependent upon the atmospheric condi- 
tions, precipitation, temperature, etc., of the respective regions, which, 
unless these were wholly different from what now.obtain in the interior 
of the continent, would not be favorable to the production of large gla- 
ciers. Instead, therefore, of designating these ice-sheets simply as the 
Laurentide glacier and the Cordilleran glacier, I would suggest the 
names Laurentide glacier system, Cordilleran glacier system^ or, as I pre- 
fer them, f/wj Laurentide system of glaciers^ the Cordilleran system, etc 

In the Appalachian mountain range it has been shown by Dr. Ells of 
the Geol. Survey, Can., and the writer (Annual Reports, Geol. Surv. Can., 
vol. ii. parts J and M, vol. iii. part K) that glaciers moved northwest- 
wardly on the St. Lawrence slope, while Hitchcock, Dana and others 
have long ago proved that they flowed south-eastwardly on the southern 
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or New England side of the main axis. This region has therefore been 
occupied with ice which formed separate and independent sheets in the 
Pleistocene period, and I would prefer for them the designation of the 
Appalachian system of glaciers. These seem, so far as observations ex- 
tend, to have been largest on the New England slope, and formed there, 
in some areas at least, massiv#, confluent ice-sheets, which, in their 
movements were comparatively independent of minor surface features. 
Reasoning from the analogy between existing glaciers in different parts 
of the world, and those of the Post-Tertiary age, it seems now a pretty 
safe inference as regards the latter, that the largest ice-masses must 
have accumulated at or near the borders of continents, where the con- 
ditions of moisture, temperature, etc., as well as the topographic fea- 
tures, were most favorable for their development. It is just possible 
too that the glaciers of the eastern and western parts of North America 
may not have been strictly contemporaneous, i. e., may not have reached 
their maximum thickness and extent at the same time, as suggested by 
Mr. Israel C. Russel in his valuable paper entitled Notes onihe Surface 
Oeology of Alaska (Bulletin Qeol. Soc. of America, vol. i., pp. 99-182). 
Belledunej New Brunswiek, Can,, Robert Chalmebs. 

Sept 8th, 1890, Geol. Surv. of Can. 
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Prop. F. P. Venable enumerates twenty-three meteorites with 
brief descriptions, which have been reported as found in North 
Carolina. Of these nearly all have passed out of the state, not 
even fragments being preserved there. Considering that for the 
entire world there have been recorded, according to Huntington's 
catalogue of 1887, only 424 meteorites that have reached the 
earth, North Carolina ma}' be considered to have been well re- 
ported. The list is valuable, and evinces much labor and patient 
research. It is published in the Journal of the Elisha Mitchell 
Society, vol. vii., pp. 33-52, 1890. 

Mr. I. C. Russell, op the United States Geological Sur- 
vey, lately returned from Alaska where he made a careful exam- 
ination of the phenomena of existing glaciers, having been absent 
since the opening of the season of 1890. According to Mr. Rus- 
sel there is a large amount of ice-covered country, more than has 
been supposed, much of the tundra region being underlain by ice 
at the depth of a few feet or inches. There are also many moving 
glaciers. The tundra ice which underlies thousands of square 
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miles bears no trees, only moss and small shrubs ; bat in the re- 
gion of glaciers the surrounding country is apt to be forested. 

The Occurrence op (Joniophyllum pyramidals Hisimtger, in 
America. — The fact that Goniophyllum, pyramidale Hisinger 
occurs in America seems to have escaped general notice, although 
its existence here has been known tb some geologists for a number 
of years. So far as I know, the first individuals of this species 
found in this countrj^ were discovered by professor W. H. Norton, 
of Cornell College, Iowa. They were taken from strata of the 
Niagara period, near La Motte, Dubuque Co. , Iowa. Since the 
first discovery individuals of the same species have been found 
near Monticello, Maquoketa, and a few other places in the same 
state. The first specimens were submitted to Dr. Rominger for 
identification, and casts were distributed by Prof. Norton to a 
number of geologists, but it would seem that the fact that tiiis 
peculiar and very interesting genus and species occurs on this side 
of the Atlantic has not yet found a place in geological literature. 
Is this species known to occur in America outside of Iowa? It 
would be interesting to know its geographical range. 

The Western Society of Naturalists will hold its annual 
meeting in the buildings of Purdue University, at LaFayette, In- 
diana, Wednesday and Thursday, November 12th and 13th, 1890. 
The President of the society'. Chancellor C. E. Bessey, will de- 
liver his address on Wednesday evening. 

The Executive Committee propose that this meeting discuss (1) 
the question of what science and how much should be required for 
entrance to college classes. Several educators have been re- 
quested to come prepared to open the discussion and have re- 
sponded favorably. (2) The relations of investigation to instruc- 
tion. (3) New processes in technique, new methods in museum 
administration, new pieces of appartus, etc. The question of the 
publication of proceedings and of altering the scope of the Society 
so as to admit of the presentation of papers embodying the results 
'of original research, will be brought up. 

In the Bulletin op the Museum of Comparative Zoology, 
at Harvard College, Vol. xx, No. 2, Prof. Alexander Agassiz 
communicates a note on the Rate of Growth of Corals^ which has 
an interest to geologists. Corals were found attached to the cable 
laid betv» cen Havana and Key West. The cable was repaired and 
relald in the summer of 1881, and in June, 1888, the specimens 
that form the subject of the note were taken from the* cable in 
Ke}^ West harbor. They therefore represent the growth of about 
seven years. OrhiceUa aniiulan'^t had attained a thickness of two 
and a half inches, Manicina areolata had made a growth of about 
one inch alx)ve the cable, while hophylUa dipsacea equalled the 
OrhieeUa in rate of growth. 
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ON THE CAUSE OF THE GLACIAL PERIOD. 

By Warren Upham, Somorville, Mbrh. 

The fascinating astronomic theor}' that tlie Glacial period was 
due to meteorologic conditions brought about bj' a stage of max- 
imum eccentricity of the earth's orbit, extending from 240,000 to 
80,000 years ago, which Croll and James Oeikie have so abl}^ 
advocated, is doubted from the meteorologist's standpoint dy 
Woeikof, and seems wholly untenable in view of the geologic 
evidences that not many thousands of years have pjissed since the 
departure of the ice-sheets. 

In various localities we are able to measure the present rate of 
erosion of gorges below water-falls, and the length of the post- 
glacial gorge divided by the rate of recession of the falls gives 
approximately the time since the Ice Age. Such measurements 
of the gorge and falls of Saint Anthony b}' Prof. N. H. Winchell 
show the length of the postglacial or recent epoch to have been 
about 8, 000 3'ears ; ^ and from the survey's of Niagara falls, 
Mr. G. K. Gilbert believes it to have been 7,0U0 vears, more or 
less. * From the rates of wave-outting along the sides of lake 
Michigan and the consequent accumulation of sand around the 
south end of the lake, Dr. E. Andrews estimates that the land 
there became uncovered from its ice-sheet not more than 7,500 

* Geology of Minnesota, Fifth annual report, for 1870; and Final 
report, vol. li, pp. 313-341. Quart. Jour. Gool. Soir., vol. xxxiv, 1878, 
pp. 88()-901. 

* Proceedings, A. A. A. S., vol. xxxv, for 1880, p. 22*3. "The XILstory 
of the Niagara River,*' Sixth An. Rep. of Commissioners of the Stato 
Reservation at Niagara, for 1889, pp. 01-84. 
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years ago. ' Professor Wright obtains a similar result from the 
rate of filling of kettle-holes among the gravel knolls and 
ridges called kames and osars, and likewise from the erosion of 
valleys by streams tributar}' to lake Erie ; * and Prof. B. K. 
Emerson, from the rate of deposition of modified drift in the 
Connecticut valley at Northampton, Mass. , thinks that the time 
since the Glacial period cannot exceed 10,000 years.' An equally 
small estimate is also indicated by the studies of Gilbert^ and 
Russell ^ for the time since the last great rise of laki^s Bonneville 
and Lahontan, believed to have been contemporaneous with the 
last great extension of ice-sheets upon the northern part of our 
continent. 

Prof. James Geikie maintiiins that the use of palseoUthic imple- 
ments had ceased, and that early man in Europe made neolithic 
( polished ) implements, before the recession of the ic*e-sheet from 
Scotland, Denmark, and the Scandinavian peninsula;* and 
Prestwich suggests that the dawn of civilization in Egypt, China, 
and India, may have been coeval with the glaciation of north- 
westeni Europe. • In Wales and Yorkshire the amount of denuda- 
tion of limestone rocks on which, boulders lie has been regarded by 
M. D. Mackintosh as proof that a period of not more than 6, OOO 
years has elapsed since the boulders were left in their positions. *® 
The vertical extent of this denudation, averaging about six inches, 
is nearly the same with that observed in the southwest part of 
the Province of Quebec by Sir William Logan and Dr. Robert Bell 
where veins of quartz marked with glacial striae stand out to 
various hights not exceeding one foot alx)ve the weathered surface 
of the enclosing limestone. " 

3 Transactions of the Chicago Academy of Sciences, vol. il. SouthalPs 
Epoch of the Mammoth and the Apparition of Man upon the Earth, 
1878, (chapters xxii and xxiii. 

^ Am. Jour. Sci., Ill, vol. xxi, pp. 120-133, Feb., 1881 ; The Ice Age 
in North America, chapter xx, p. 400. 

° Am. Jour. Sci., HI, vol. xxxiv, pp. 404, 5, Nov., 1887. 

® CT. S. Geol. Survey, Second annual report, p. 188. 

^ U. S. Geol. Survey, Monograph xl, Geological History of Lake 
Lahontan, p. 273. 

8 Prehistoric Europe, p. 300 ; Address to the Geological section of the 
British Association, 1889. 

^Prcstwich's Geology, vol. ii, 1888, pp. ,534, .5; Quart. Jour. Geol. 
Soc, vol. xliii, pp. 407, 8. 

*^* Quart, Jour. (ieol. Soc, vol. xxxix, 1883, in Proceedings, pp. 67-69. 
Compare id., vol. xlii, 1880, pp. .527-.53». 

i^Iiulletin of the Geological Society of America, vol. i, 1889, p. 306. 
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Another indication that the final melting of the ice-sheet upon 
British America was separated by only a very short interval, 
geologically speaking, from the present time, is seen in the won- 
derfully perfect preservation of the glacial striation and polishing 
on the surfaces of the more enduring rocks. Of their character in 
one noteworthy district, Dr. Bell writes as follows : — **0n Port- 
land promontory on the east coast of Hudson's bay, in latitude 
58**, and southward the high rocky hills are completely glaciated 
and bare. The striae are as fresh-looking as if the ice had left 
them only yesterday. When the sun bursts upon these hills after 
they have been wet by the rain they glitter and shine like the 
tinned roofs of the city of Montreal. " *^ 

Forbidden by the shortness of the postglacial epoch from 
attributing the Ice Age to the astronomic condition of maximum 
eccentricity, we must look for other causes of this extraordinary 
geologic period ; and these seem to be found in great uplifts of 
the glaciated areas, of which for this continent Prof. J. W. Spencer 
has given an impressive review in the recently published first 
volume of the Bulletin of the Geological Society of America. 
Though he has not proceeded to interpret these observations as 
revealing in continental elevation the probable cause of the colder 
climate and accumulation of ice-sheets during the Glacial period, 
I believe that this is a legitimate conclusion, and that it strongly 
reinforces the arguments long ago advanced b}' Lyell and Dana 
and recently emphasized anew by Wallace. The submarine border 
of the continental plateau to depths of more than 3, 000 feet is cut 
by valleys or channels, which if raised above the sea level would 
be fiords or cailons. These can be no other than river-courses 
eroded while the land stood much higher than now ; and its sub- 
sidence evidently took place in a late geologic period, else the 
channels would have become filled with sediments. 

According to the United States Coast Survey charts, as noted 
by Spencer, the bottom of a submerged valley just outside the 
delta of the Mississippi is found by soundings at the depth of 
3,000 feet. This valley is a few miles wide and is bounded by a 
plain of the sea bed from 900 to 1,200 feet above its floor. It 
thus appears that the country north of the Gulf of Mexico has 
been raised for a short time to a hight of not less than 3,000 feet; 
and it is important to note in passing that an equal uplift would 

i» Bulletin, G. S. A., vol. i, p. 308. 
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wholly close the Strait of Florida, 2,06-1 to 3,000 feet deep, 
through which the Gulf Stream now pours into the North 
Atlantic. 

The continuation of the Hudson river valley has been traced by 
detailed hydrographic surveys to the edge of the steep contdnentai 
slope at a distance of about 105 miles from Sandy Hook. Its 
outermost twent3'-five miles are a submarine fiord three miles wide 
and from 900 to 2,250 feet in vertical depth measured from the 
crests of its banks, which with the adjoining flat area decline from 
300 to 600 feet below the present sea level. The deepest sounding 
in this fiord is 2,844 feet.^^ 

An unfinished 8ur\'^ey by soundings off the mouth of Dela- 
ware bay finds a similar valley submerged nearly 1,200 feet, but 
not yet traced to the margin of the continental plateau. 

Again, the United States Coast Survey and British Admiralty 
charts, as Spencer states, record submerged fiord outlets from the 
Gulf of Maine, the Gulf of Saint Lawrence, and Hudson bay, 
respectively 2,664 feet, 3,666 feet, and 2,040 feet below sea level. 
The bed of the old Laurentian river from the outer boundary of 
the Fishing Banks to the mouth of the Saguenay, a distance of 
more than 800 miles, shown by Prof. Spencer's map,' is reached 
by soundings 1,878 to 1,104 feet in depth. Advancing inland, 
the sublime Saguenay fiord along an extent of about fifty miles 
ranges from 300 to 840 feet in depth below the sea level, while in 
some places its boixiering cliffs, one to one and a half miles apart, 
rise abruptly 1 , 500 feet above the water. " 

Greenland is divided from the contiguous North American con- 
tinent and archipelago by a great valley of erosion, which is 
estimated from soundings and tidal records to have a mean depth 
of 2,510 feet below sea level for 680 miles through Davis strait ; 
2,095 feet for 770 miles next northwai-d through Bafi9n bay ; and 
1,663 feet for the next 55 miles north through Smith strait.** 

On the Pacific coast of the United States Prof. Joseph Le 
Conte has shown that the islands south of Santa Barbara and Los 
Angeles, now separated from the mainland and from each other 

^a Report of U. S. Coast and Geodetic Survey, for 1884, pp. 435-8 ; 
Am. Jour. Sci., Ill, vol. xxix, pp. 475-480, June, 1885 ; Bulletin, G. S. 
A., vol. i. pp. 503-7. 

^^ J. W. Dawson, "Notes on the Post-Pliocene Geology of Canada,'* 
1873, p. 41. 

1° Smithsonian Contributions to Knowledge, vol. xv, pp. 163, 164. 
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by channels twent}' to thirty miles wide and 600 to 1,000 feet 
deep, were still a part of the mainland during the late Pliocene 
and early Quaternary periods. *• 

In northern California Prof. George Davidson, of the I J. S. 
Coast Survey, as cited by Spencer, reports three submarine valleys 
about twenty-five, twelve, and six miles south of Cape Mendocino, 
sinking respectively to 2,400, 8,120, and 2,700 feet below the 
sea level, where they cross the 100 fathom line of the marginal 
plateau. If the land here were to rise 1,000 feet, these valle3's 
would be fiords with sides towering high above the water, but still 
descending beneath it to profound depths. " 

Farther to tlie north, Puget sound and the series of sheltered 
<!hannols and sounds through which the steamboat passage is 
made to Glacier bay, Alaska, are submerged valley's of erosion, 
now filled by the sea but separated from the open ocean b}' thous- 
ands of islands, the continuation of the Coast Range of mountains. 
From the depths of the channels and fiords Dr. G. M. Dawson 
concludes that this area had a preglacial elevation at least about 
900 feet above the present sea level, during part or the whole of 
the Pliocene period. ** 

The general absence of Pliocene formations along both the 
Atlantic and Pacific coasts of North America indicates, as pointed 
out by Prof. C. H. Hitchcock, that during this long period all of 
the continent north of the Gulf of Mexico held a greater altitude, 
which from the eWdence of these submarine valleys is known to 
have culminated in an elevation at least 8,000 feet higher than 
that of the present time. Such plateau-like uplift of the conti- 
nent appears to have exerted so great influence on its meteorologic 
conditions, bringing a cooler climate throughout the year, that it 
finally became enveloped b}' ice-sheets to the southern limit of the 
glacial striae, till, and morsiines, stretching fi-om Nantucket and 
Cape Cod to New York citj-, Cincinnati, Saint Louis, Bismarck, 
and thence westwanl to the Pacific somewhat south of Vancouver 
island and Puget Sound. The thickness of the ice in the region 
of the White mountains and the Adirondacks was about one mile ; 
and Dana has shown, from the directions of striation and trans- 
portation of the drift, that its central portion over tiie Laurentian 

i« Bulletin of the California Academy of Sciences, vol. ii, 1887, pp. 
515-520. 

i^lbid., vol. il. pp. 2.56-8. 

^"Canadian Naturalist, now series, vol. viii, pp. 241-248, April, 1877. 
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highlands between Montreal and Hudson bay had probably a 
thickness of fully two miles. In Britiish Columbia, according to 
Dr. G. M. Dawson's observations, it coyered mountain summits 
5,000 to 7,200 feet above the sea." 

While thus heavil}' ice-laden, nearly the whole glaciated area 
sank below its present level, but for the most part only to a 
slight amount in comparison with its previous elevation. Begin- 
ning at or near a line drawn northeastward through New York 
city, Boston, and Nova Scotia, the extent of the submergence of 
the land by the sea, at the time of the recession of the ice-sheet, 
as shown by fossiliferous marine deposits overlying the till, 
increases from 150 and 225 or 230 feet on the coast of New 
Hampshire and Maine to 520 feet at Montreal ; 300 to 500 feet 
on the country southwest of James bay ; and about 1,500 feet, 
according to Dr. Robert Bell, at Nachoak on the eastern coast of 
Labrador. In British Columbia, including Vancouver island and 
the Queen Charlotte islands. Dr. Dawson finds evidence of sub- 
mergence to the amount of 200 or 300 feet while the glacial 
conditions still endured. During postglacial time the Atlantic 
and Pacific coasts have been again uplifteil, attaining generally a 
somewhat greater hight than now, the latest movements being 
mostly subsidence. But in the basin of Hudson bay, as shown 
by Dr. Bell, the uplift from the glacial depression is still in 
progress. ^^ 

Northwestern Europe, also, had a much greater altitude during 
the later part of the Tertiar}' era, in which Scandinavia and the 
British Isles suffered vast denudation, with erosion of fiords and 
channels that are now submerged 500 to 800 feet beneath the 
sea.^^ Probably many of these submarine channels are now 
more or less filled with the glacial drift, so that valleys originally 
descending continuously toward the margin of the continental 
plateau have become in some portions changed to enclosed basins. 
The maximum preglacial elevation probably exceeded the depth 
of the Skager Rack between Denmai-kand Norway, which is 2,580 

»» Geological Mugazino, Hi, vol. vi, 1881), pp. 350-2. 

2" For a more detailed review of these postglacial osciUations, and of 
Quaternary mov(*meiits of u])lift and subsidence in other parts of the 
world, both in glaciated and unglaciated regions, see Wright's Ice Ago 
in North America, 18»0, Appendix by Warren Uphain, pp. 573^95. 

2« James (icikif, Quart. Jour. (h»o1. Soc., vol. xxxlv, 1878, plate xxxill; 
The Great Ice Age, sec. ed., pp. 271>-:*84, plates ix-xil. 
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feet, with a deep submerged valley running from it west and nortii 
to the abyssal Arctic ocean. *^ 

Under the weight of its ice-sheet, the glaciated area of Europe, 
like that of North America, sank mostly to a somewhat lower 
level than it now has, the maximum depression being on the coast 
of Norway, about 580 feet.^^ From this depression Scandinavia 
has gradually risen, with pauses during which beaches were 
formed ; and the uplift of that country, as of the region about 
Hudson bay, continues to the present day. ** 

This subject may be advantageously examined from another 
ix)int of view, by inquiring what we may learn of the oscillations 
of the land and its climatic changes during the Quaternary era 
from the enforced migrations of the flora and fauna of northern 
countries. The influence of the Glacial period on the distribution 
of plants and animals has been fruitfully investigated by Edward 
Forbes, Asa Gray, ^Vlfred Russel Wallace and others, who have 
thus explained many peculiarities in the geographic range of 
species, as the occurrence of Arctic plants on- the summits of 
mountains in temperate latitudes, and the identity of a consider- 
able number of species found in the floras of both the United 
States and Japan, but absent from Europe. As geologists are 
lately finding valuable additions to our knowledge of importiint 
orographic movements of our continent during the Mesozoic, 
Tertiary and Quatemar}- eras, from the present conditions of its 
rivers and their relation to geologic formations, so the pages of 
the geologic record receive a useful side-light from the range of 
living species. Professor Gray well stated this bearing of botanic 
science upon geology, in the conclusion reached by his compari- 
son of the floras of Japan and North America, ' * that the extant 
vegetable kingdom has a long and eventful histor}-, and that the 
explanation of apparent anomalies in the geographical distribution 
of species may be found in the various and prolonged climatic or 
other physical vicissitudes to wliich they have been subject in 
earlier times."-'' 

The general likeness of the Arctic llora all around the globe, 
the many instances of relationship and identity in the north tcm- 

'» Nature, vol. xxiii, p. :iU3, with map of suhmarino contour. 

jgGeol. Mag., Ill, vol. vi, iss'.K pp. iwi, s. Nature, vol. xxxii. p. :^:u^. 

'* Nature, 1. e.; and vol. xxxix, pp. 4><s 4*j2. 

** Memoirs, American Academy of Arts and Science, new series, vol. 
vi, 1859, pp. 377-4.VJ. Am. Jour. Sci., H, vol. xxviii, p]>. 187-200. 
Gray's Scientific PaprTS. 18X0. vol. ii, pp. 12:>-141. 
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perate floras, and the increasing divergence of prevailing tjrpes as 
we pass to the equatorial regions and the southern hemisphere, in- 
dicate that in late geologic time the northern circumpolar lands 
have been united, pennitting free land communication, and caus- 
ing the same plants and animals to extend throughout the whole 
Arctic area. But glacial di-ift and strias show that after this a 
colder climate enveloped northwe&tern Europe, British America, 
and the northern part of the United States with thick accnmula- 
tions of snow and ice ; and I believe that this climatic change was 
due to the increase of the northern elevation of the land, through 
which the continents had become united. Not only vegetation 
but all seeds upon the glaciated areas must have been destroyed, 
though the species were mostly preserved b}' migration southward. 
Thus various spe<ues of the preglacial circumpolar flora whose re- 
treat from the European ice-sheet and severe cold was cut oflT hy 
the Pyrenees, Alps, Carpathians, and Caucasus, so that they per- 
ished, escaped from extinction in Asia where no general ice^heet 
existed, and in North America where no transverse ranges of 
mountains barred their retreat from the ice. The Glacial period is 
past, but the mild Arctic climate of Tertiary times has not re- 
turned ; and species whose range was formerly continuous through 
the high northern latitudes are now found occup3'ing widely sepa- 
rated temperate districts in Asia and on our own continent, the 
time since the Ice Age having been too brief for them to become 
changed into new forms by the influences of their diflferent envi- 
ronment. Many plants, however, have been changed during the 
Ice Age and the postglacial epoch, and survive in slightly unlike 
representative sjKJcies, as they are calleil, each of the three grand 
di>'isions of northern land, North America, Asia, and Europe, 
possessing a form tlius derived from a common preglacial an- 
cestor. 

Professor (5 ray has conjectured that Asia ma}^ have been still 
united by a land passage witjj Alaska during the earlier part of 
the postglacial epoch; }>ut he believed, fi-om the noticeable con- 
trast between the Arctic flora of Nortii America and that of Groen- 
Innd, that there has been no postglacial connection of land across 
B:it!in bay nor Davis strait.-" This contrast seems chiefly attribu- 
taV)le to the glacial extinction of species in Europe which survived 

2« Articles before cited: and Am. Jour. Sol., II, vol. xxxiv, p. 144; 
Sciciiiitic Papers, vol. i, pp. 122-130. 
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in North America as before not«d, and to the extension of the im- 
poverished European flora to the F«rOe islands, Iceland, and 
Greenland, after the vigorous cold and glaoiation of these lands 
had abated. The difference of the plants found on the opposite 
sides of Baffin bay, presenting a definite break, while elsewhere 
throughout the Arctic zone they ai-e intermingled as a single con- 
tinuous flora, with gradual differentiation toward each end, ac- 
cords with the testimony of the raised l)eaches of Labrador, west- 
em Greenland, and Grinnell Land, with recent marine shells 1,000 
to 2,000 feet above the sea, which show that during the Glacial 
period the Baffin bay region, after having stood much higher than 
now, as is known by its fiords, sank far below its present level, 
and during the postglacial epoch has been again uplifted. But 
the derivation of the plants of the Faeri3es, Iceland, and Green- 
land from Europe could not have taken place through the agency 
of sea currents nor winds, which would the rather favor their 
coming from America ; and therefore botany seems to contribute 
to geolog}' the proof that the great preglacial elevation of much 
of the northeastern Atlantic region, unlike that of western Green- 
land and Labrador, continued through the Ice Age, the spaces 
which are now sea between (Jreenland and the British Isles having 
become submerged, as pointed out by James (ieikie, during the 
Recent epoch, after affording a land passage for the European 
flora. '^ 

Arctic and boreal plants were driven south during the Glacial 
period to the central part of the United Stiites, and at its close 
they followed the recc»ding ice-sheet and again took ix)ssession 
of the great northern region from which they had been expelled. 
With the restoration of a temperate climate throughout the north- 
em United States and southern Caiiada, the Arctic species found 
themselves no longer able to sunive there, excepting on the cool 
highta of mountains, notably the White mountains and the Adiron- 
dacks, and, in the case of a few species, on the cool, high northern 
shores of lake Superior and on tiie adjacent Isle Kovalc. These 
stiitions of Arctic plants are divided by several hundreds of miles 
from their general northern range; but tlioy all an* readily ac- 
counted for as remnants of the circumpolar flora which was forced 
to migrate alternately southward and northward by the climatic 
changes of the Glacial and postglacial epochs. 

*^ Prehistoric EuroiHJ, pp. 518-522, and p. 5(58, with plate E. 
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Countries bordering Uie North ^lantic have experienced gener- 
ally warmer temperatures than now, lx>th of the sea itself and of 
the air and winds up(m the land, for a considerable time since the 
Glacial period, apparentl}^ extending, but probably in diminishing 
degree, nearly to our own day. On the coast of New England 
and the Eastern ProAinces, colonies of southern species of marine 
mollusks are found in Casco and Quohog bays, Maine, and even in 
the soutliem part of the Gulf of Saint Lawrence, such as are com- 
mon along the warmer shores south of cape Cod, but whose con- 
tinuous range does not pass north of Massachusetts. These 
isolated southern species include the 03'ster {Ostrea virgmiana 
Lister), quohog {Venus mcrcenaria L. ), Pecten irradtans Lam. ^ 
Jlyanassa ohsolefa Stimpson, Urosalptnx cinerea Stimpson, and 
others. Professor Verrill believes that the}' are ' * survivors from 
a time when the marine climate of the whole coast, from Cape Cod 
to Nova Scotia and the Bay of Fundy, was warmer than at present^ 
and these species had a continuous range from southern New 
England to the Gulf of Saint Lawrence. "*• Furthermore, we have 
to note that oyster and quohog shells are found in abundance in the 
Indian shell-heaps on the coast of northeastern Massachusetta 
and on islands in Casco bay, Maine, where they are thus known to 
have flourisheil in very recent times, though now they are rare or 
extinct in the same localities. 

A few southern plants also survive from this warmer period on 
or near our northern Atlantic coast, as the Magnolia glauca L. ^ 
which grows on Cape Ann, but not elsewhere north of the vicinity 
of New York city, and Rhododendron indximum L., which occurs 
rarely in damp woods, somewhat inland, from Nova Scotia to lake 
Erie, but is veiy common through the AUeghanies in the southern 
states. Even northward to Greenland evidences of such a warmer 
l^ostglacial climate are found, and an increase of cold seems to 
have made the shores of that land more inhospitable since its first 
colonization by Scandinavians, onh' about nine hundred years ago. 
On the shores of Iceland, Scotland, northwestern Europe, and 
Spitzbergen, similar isolated soutliem marine shells are also found, 
either still living or fossil in postglacial deix)sits ; and the suc- 
cessive floras fossil in the peat^bogs of the land likewise tell of a 
formerlv milder climate.'** 



28 Am. Jour. Sci., III. vii. pp. 134-8, Feb., 1874. 
2» Prohistoric- Enrop**. chaptfTS XX am.1 XXI. 
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But no such evidences of climatic alternations since the Glacial 
period are discovered in the interior of North America, as in the 
range of species of plants in the basin of the Red river of the . 
North. Instead, we see there in numerous southern stations of 
boreal species, indications of the gradual amelioration of the 
climate through the postglacial epoch to the present day. In 
Siberia, too, the frozen bodies of mammoths show that a contin- 
uously cold but probably ameliorating climate has been uninter- 
rupted by any w'arm interval since the Glacial period. The 
recently warmer climate of the northern Atlantic countries, from 
New England to Greenland, Iceland, Scandinavia, and even Spitz- 
bergen, seems therefore referable to formerly greater volume of 
the warm Gulf Stream, rather than to any astronomic conditions 
which would affect not only that ocean and its shores but also the 
central and northwestern portion of our continent and northern 
Asia. 

The forgoing lines of evidence converge to the conclusion that 
the cause of the Glacial period was great uplifts of the glaciated 
areas, probabl}' in conjunction with important changes in the 
course and volume of the warm oceanic currents. Elsewhere (in 
an appendix of Wright's '*Ice Age in North America") I have en- 
deavored to trace the more remote conditions producing these 
uplifts, and thereby have accounted, as it seems to me satisfactorily, 
for the widely distributed areas of Quaternary glaciation, both 
continental and of mountain districts, for the recurrent advances 
of the ice-sheets of that time, with warm intervals of recession, 
and for the far separated areas of glaciation in the Carboniferous 
and Permian periotls. 

During the later part of the Teitiar}' era, and at the beginning 
of the Quaternary, northern lands were raised higher than now ; 
and the fiords and the suljmarine valleys indicate that, when this 
uplifting attained its miiximum and brought on the Glacial period, 
North America and northwestern Europe stood 2.500 to 3,000 
feet above their present hight. Alaska and Siberia were probably 
elevated much less, but enough to supply the continous circum- 
polar land from which the present community of species in north- 
em floras and faunas is an inheritance. The great area of the 
shallow Arctic ocean from North America and Siberia to Spitz- 
bergen may have been a land surface, as ]Mr. Iloworth sup[)ose8 ; ** 

»o Geol. Mag., Ill, vol. vi., 1889, pp. ;U)5-8. 
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while its deeper portion between Spitzbergen and Greenland would 
be a mediterranean sea, or possibly became at length a vast lake, 
with its waters fresheneil by outflow southward along the remark- 
able submerged Fairoe channel. About midway between the 
Hebrides and Fa?r(3e islands, this channel is crossed near its south- 
western end b}' the Wyville Thomson Ridge, which consists, at 
least superficiall}', of drift with glaciated stones, as determined by 
dredging. In form and material this appears like .an enormous 
moraine or coastal bar of shingle. • * • 

The FajrOe channel extends from northeast to southwest some 
300 miles, with a width of 75 to 100 miles and a depth of 2,800 to 
3,800 feet along its bottom; but the soundings to the top of the 
Wy\ille Thomson Ridge are only 1,260 to 1,710 feet, and this 
ridge, varjing from five to ten miles in width, stretches com- 
pletely across the channel. An uplift supplying land connection 
from France and Great Britain to the FaerOe islands and Green- 
land, such as Gcikie believes to have existed, must have exposed 
a broad belt of what is now the sea bed on both sides of the deep 
FaerOe channel, ])esides at least the upper part of the Wyville 
Thomson Ridge; and the depth of the Skager Rack makes it 
probable that, while the elevation of the land gradually increased, 
the channel itself was being eroded nearly to its present depth by 
its tidal currents and waves, until the sea on the north became a 
lake and the strait its outflowing river. The fresh-water mollus- 
can fossils in the oldest and highest of the postglacial shore 
deposits of the Baltic in Gotland, Oesel, and other islands, and in 
Esthonia, suceee<ied by mai'ine fossils on lower levels, •* would be 
explained by such lacustrine conditions, followed by advent of the 
sea throughout the Arctic area when portions of the belt connect- 
ing soutliwestern Kurope and Greenland became submerged. 

Not only was the Gulf Stream probably excluded from the 
the Arctic region by this land ban-ier, and warded ofl' more tl^an 
now from the North American coast by the emergence of the Fish- 
ing Banks ; but there is also considerable reason for believing 
that the lower portions of the Isthmus of Panama were contempor- 
aneousl>' submerged, with or without closure of the Strait of 
Florida, carrying the warm equatorial current, wholly or in part, 
riglit forward into the Pacific ocean. Depression and uplift in 

3 1 Procoodings of the Royal Society of Edinburgh, vol. xi, 1882, pp. 
(538-G77, with map. 

••»2 Geol. Mag., Ill, vol. v, 1888, pp. 230-1. 
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different parts of the world have doubtless in a general way com- 
pensated each other. Apparently while northern countries were 
being elevateil, the extensive coral island area of the Pacific was 
undergoing subsidence ; and recently uplifted coral reefs on the 
west coast of South America and in the West Indies attest a large 
amount (2,000 to 2,900 feet) of depression there during some part 
of the Pliocene and Quaternary periods, extending in Peru at least, 
and probably in the Greater Antilles, to the postglacial epoch. ^* 
Several low passes from ocean to ocean are found in the lake 
Nicaragua region, on the Isthmus, and in the Atrato river district 
on the south, at bights from 183 to 300 feet above the sea level ; ** 
and abundant IMiocene fossils, according to Dr. G. A. Maack, 
occur in the vicinity of the Panama railroad and at many locali- 
ties southward to the Atrato, ranging in hight up to 7(>3 feet. '* 
If these could l)e referred instead, as seems worthy of intiuiry, to 
the Pleistocene or Glacial period, allowing geologically brief sul)- 
mergence while the great ice-sheets of North America and Euroi>e 
were being accumulated, the climatic problem of the Quateniiiry 
era would be solved. 

The sun's heat has probably l^een undiminished and practically 
constant Evaporation from the sea in the torrid and temperate 
zones was doubtless as efficient during the Glacial period as now. 
Precipitation from the great storms of that time, sweeping over 
the highl}' uplifted continental plateaus, was snow, instead of rain, 
through nearly the whole year, while the ice-sheets were growing 
in area and thickness, as Prof. W. M. Davis has stated ; ^* and 
the amelioration of the climate and departure of the ice appear to 
have resulted from depression of the glaciated areas, while thus 
heavily ice-laden, and the turning again of the wann oceanic cur- 
rent into the North Atlantic and Arctic seas. 



■» A. Agassiz, Bulletin of the Museum of comparative Zoolotjy. at 
Harvard College, vol. Hi, pp. 287-290: W. O. Crosby, "On th<^ Mountains 
of Eastern Cuba,-' In Appalachia, vol. iii, i)p. 1J1»-142. .). (J. Sawkins, 
"Reports on the Geology of Jamaica," IKGIJ, pp. 22. 23, 307. 311, 324-l>. 
\V. M. Oabb, Trans. Am". Phil. Soc. vol xv, pp. 103-111. 

■* Charles RIcketts, '*The Cause of tlie (.r]a<*ial IN'riud. witli n'fereuoo 
to the British Isles," rJeol. Mag., 11, vol. ii. is7."., py. :)73-.VSO. Th«>mas 
Belt, Naturalist in Nicaragua, sec. cd.. 1SS8. p. 3r». 

'•■* Harper's Magazine, vol. xlvii. 1873. p. S12. 

'• AmKKICAX (iKOLOCilST, vol. V, pp. 122-4, F<*b.. isOO. 
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THE STRUCTURE, •CLASSIFICATION, AND AR- 
RANGEMENT OF AMERICAN PALiCOZOIC 
CRINOIDS INTO FAMILIES. 

By S. A. MiLLBBt Cincinnati. 
(continued fbom novbmbbb numbbb.) 

We will now briefly define the families based upon the structure 
of the calyx, without, however, undertaking to fully define them 
by adding all the family features that may be discoverable in the 
vault and column, 

GENERA HAVING TWO BASALS. 

FAMIIiY, DiohoorinidSB, OotyledonoorinuSp Diohoorinus, 

Talaroorinus. 

The calyx is obconoidal. Two basals form a cup slightlj- 
notched at the sutures. No subradials. Small regular interra- 
dials on the truncated top of the first radials. Five, long, radial 
plates in the first series ; succeeding radials small and resting only 
on part of the upper side of the first radials, the rest being occu- 
pied with interradials. Azygous plates, in line with the first 
radials, of about the same size, supported in a notch at the sut- 
ures of the two basals, and followed by the plates of the vault 
Vault more or less convex or elevated with a subcentral opening 
on the azygous side. Column, so far as known, round. 

FAMITjY, PterotocrinidSB— PterotoorinuB. 
Calyx saucer-shaped. Two basals form an eight^ided shallow 
disk, notched at the sutures. No subradial. No regular inter- 
radials. First nidials large, expanding from a wide base and re- 
sembling in outline the side view cf an expanding bucket The 
top of each first radial supports \wo second radials and part of 
two more, which rest, in part, upon the first mentioned second 
radials. Tertiar}' radials unite latterally around the top of the 
cal^'x. Az3'gou8 plate rests in a notch at the sutures of the ba- 
sals, is pointed above and completely embraced by the first radials. 
Vault pyramidal, pentagonal, the azygous side wider than the 
others, the top bearing five long, peculiar, paddle-like plates ar- 
ranged stiir-like and directed at right angles to the body, with the 
ends of four arms resting in each of the angles of the five-rayed 
dome or vault covering. Column round. 
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FAMTTiY. AoroorinidSB—Aoroorinus. 

Calyx urn-shaped, composed of plates that increase in size 
from the basals up. Basals two, comparatively large, forming a 
ploygonal shallow cup, followed, in Aerocrinus wortheni, by 
twelve minute, triangular plates all of which are subradial and 
subinterradial in position ; these are followeil by twelve larger 
plates, united by their lateral sides, five of which are radial in 
position and seven interradial, three of which are in the azygous 
area ; these are followed by a third ring consisting of fourteen 
plates all of which are subradial and inteiTadial in position except 
one opposite the azygous side, which is radial in position ; a fourth 
ring consists of sixteen plates, five of which are radial and the 
others interradial. Above the fourth ring there are two or more 
radials in each ra}' separated by interradial s, all within the calyx. 
The number of plates in the calyx of different species varies from 
100 to 700. In Aerocrinus shumardi, the type of the genus, 
instead of four rings of plates, as above defined, there are four- 
teen or more rings, some of which have twenty-five or thirty plates. 
Above these rings of small plates there are three to five radials, each 
series being separated by two or more series of interradials ; the 
azygous area being wider and containing more plates than the 
others ; there are also secondary radials. 

The numerous rings of plates, between the basals and the com- 
menement of the continuing series of radials, is peculiar to this 
genus and family, and, at once, distinguishes it. If the rings 
were united, they would occupy the position of subradials or sul> 
radials and interradials, l)ut such is the arrangement, that we 
know of no rule, which authorizes them to be treated as if imited. 

The three families, Dichocrinidfe, Pterotocrinidffi and Acrocrin- 
idaj, having only two basal plates, are widely disconnected, and 
each one is so far removed from all other families, that no one 
can be ix)inted out which is more nearly related to them, or either 
of them, than another. We can not infer they descended one 
from another, or that cither of them was developed from any 
particular family of crinoids having three, four or five basals. 
We mav be ever so fond of the theors' of the evolution of ani- 
mals, and the doctrine that embryolog}' reproduces the images of 
the lines of descent in geological time ; but we may stop, when 
we encounter numerous plates, in the calyx of a crinoid, whose 
relation and homology with plates in other criniods, we cannot 
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understand, until '< missing links" are discovered, before profess- 
ing to have knowle<lge of the ancestral type. 

GENERA HAVING THREE BASALS, NO SUBRADIALS, 

NO REGULAR INTERRADIALS. 

FAMILY, SynbathoorinldaB.— Synbathoorinus. 

Cal3'x small, cup-shaped. Basals three, the two larger equal, 
pentangular, the smaller one quadrangular. No subradials. Na 
regular interradials. Radials one to five, truncated and thickened 
above. Azygous plates resting upon one radial and between the 
brachials forming a straight, narrow series of two or more plates. 
Brachials resembling the first radials reversed. Arms, five, long, 
folded together, enclosing a slender probosc is composed of five 
rows of quadrangular plates. Column round. 

FAMILY, OaloeoorinidSB.— Oaloeoorinus, Deltaorinus, Haly- 
sioorinus. 
Calyx laterally flattened and hanging down from the column. 
Basals three, two are etjual and form together a lunate piece, and 
the other plate lies within the concave side, so as to make the 
long side of the subtriangular or half-elliptical basal disk, plates 
always anchylosed. The cicatrix for columnar attachment is in a 
lattcral position in the center of the two equal plates, and does 
not touch the other plate. No subradials. No Interradials. 
Cal^'x above the base consisting of five to seven plates, four of 
which are radials of unequal size and in'egular arrangement 

GENERA HAVING THREE BASALS, NO SUBRADIALS, 

REGULAR INTERRADIALS. 

FAMILY, AotinoorinidSB.— Aotinoorinus, Alloprosalloorinas, 
AsraricoorinuB, Amphoraorinus, Batoorinus, Doryorinus» 
Eretmocrinus, GennsBOorinus, Mefiristocrinus, Physeto- 
crinuB, Saoooorinus, Stesranoorinus. Strotoorinus, Teleio- 
crinuB. 
Calyx varying from concave as in Agaricocrinus, to obconoidal 
as in Actinocrinus. Basals three, equal, having a hexagonal outline. 
No subradials. Priraar}^' radials three to five, secondary radials 
more or less numerous, teitiar^^ radials in some genera. Regular 
interradials more or less numerous, the first one resting upon the 
upper sloping sides of the fii"st radials ; sometimes intersecondary 
and intertcrtiary radials. Azygous area larger than the regular 
interradial areas, the first plate resting upon the bassls, in line 
with the first radials and of similar form. Column round. 
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The learning in recrnnl to the respiratory openings in this fam- 
ily i8 well illustratoil by the statement of Waehsmith and Springer, 
on page 11, pt. 1. of their work, that they ha<l '• note< I the ex- 
istence of certain i)ores or optMiings located between the arm 
leases and separated from the arm passages l)y a thin partition. 
Their niim])er varies from ten to twenty or moix^ In Batocrinus 
where they were most conspicuous, thei*e are twenty, no matter 
whether the si^cies has more or less than twenty arms. They are 
about one-thinl the size of the arm passages, with which they are 
in ver}' near the same horizontal plane." And th(» statement, on 
page 511, pt. 2, where they say, in this they '-were evidently in 
error ; the pores probably always agree in number with the arms, 
and are really neither radial nor interradial, but arc placed at the 
base of the arms." 

FAMTTiY, PlatycrinidBB. Ooooocrinus, Oordylocrinus, Eucla- 
docrinus, Macrostylocrinus, Marsupiocrinus, Platycrinus. 

Calyx subglobose to urnshaped. Basals thrt'c. two of them 
cijual, the other smnllcr, forming a pentagonal disk or cup. No 
subradials. First radials very large, forming the great(»r part of 
the test of the calyx, the upper fac-e of each beai^s a short or con- 
cave facet, for the articulatitm of the second r:Hli:ds. Second and 
also third ratlials, when thcv exist, sniMJl Mud short. Intcn-.idials 
and azygoin interradials n*st upon the tir.«^t radi:ils an<l arc sub- 
stantially alike, in the different areas. Column round (►r elliptical. 

In MarrostylcK'rinus. there are three t^) live primary r:i<lials. nnd 
the first interradials are bctwiH-n the second primary radials : 
smaller interradials occur between the third primnry radials, all of 
which form part of the calyx, below the arms, and. in this respect, 
it differs from other I*latycrinida\ where the interradials do not 
connect the second and third primary radials, and approaches the 
structure of the Actinocrinida*. Tt has little structural atlinitv 
w^ith the Melocrinidje which have four basals and to which Wachs- 
muth referred it. But Wachsmuth disr<»garded the number of 
basals to a great extent, in arranging and defining the families, 
and his definiti(ms are so loose that crinoids belonging to distinct 
and widely disconnected families may be thrown together in hcnlge- 
podge. For example his definition of the MelcK-rinidje is as fol- 
lows : 

**MeloerinidiP. Base monocyclic. Basals three to five. 
Neither anal nor intcrratlial plates touching the basals ; the latter 
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in contact with radials onl^'. Tntcrradial areas com])osed of num- 
erous plates ; tliose upon the dorsal side large, regularly arranged, 
those along the ventral surface frefjuentl}' small and irregular. 
Oral plate generally surrounded by proximals. Anus subcentral. 
Column circular rarely angular." 

FAMILY, Dolatoorinid8B.— AUocrinus, Dolatocrinus, Hadro- 
crinus, Stereocrinus. 

(^U3'x basin-shaped or somewliat hemispherical, depressed at 
the base. Basals three, usually anchylosed so as to create doubt 
as to the number. No subradials. Primary radials two or three to 
five ; secondar}' radials two or xmnv. by ten ; tertiary radials some- 
times present. Azygous and regular interradial areas alike. Intenn- 
dials three or more, the first, ivsting between the upper sloping sides 
of the first radials, the larger an<l generally the largest plate in 
the calyx, truncated on top for the second interradial which bears- 
smaller platt^s. Arm openings large. Small subcentral probos- 
cis. Column round. 

Wachsmuth and Springer refer the genera, in this family, to the 
]\relocrinidie. Dolatocrinus was supposed by Lyon to have five 
bjusal plates but Wachsmuth and others assert it has only three, 
and it is upon their statement, in this regard, that this famil}- is 
founded, for I have never seen a specimen that preserved the 
l)asals, though 1 have imperfect specimens of Dolatocrinus lacus 
and would guess from an examination of them that they liave only 
three basals. 

FAMILY, Arthraoanthidee.— Arthreioantha. 

Calyx cup-shaped. Basals three, subequal, having a hexagonol 
outline. No subradials. First radials subequal, very large, form- 
ing the greater part of the t<*st of the cal3'x, each one thickened 
in the middle, and having a concave, ridged facet for the articu- 
lation of th(? second radial, which is a short quadrangular plate, 
reaching but little above the margin of the first radial ; third 
radial short. pentag(mol, and bearing the free arms. Eegular in- 
teiTadials consist of three zones of three or four plates each, in 
(\ich area, nesting upon the first radials and between the second 
and third intiUTadials. The middle plate in the zone resting upon 
the first radials is the larger one, and the plates on eitner side of 
it are larger than those al>ove; The first azygous plate rests upon 
two basals in line with the fii-st radials, and is nearly as large, but 



Amer/can CrinoiiLi !n Fa tuples. — Miller. 345 

w littlo narrower :it the iippor iniirj^in, winch is on a level with the 
tii-st radials. Above this plato in the azvgoiis area there are three 
zones of platens ; in the tii-st zone there are six and in siureeilinii; 
zones seven. Column round. All the plates of the calyx hear 
urticuhiting spines, the bitses of which are perforaUnl withjnjuute 
circular pit,s ils in the Echinida. and as Hanibach determined in 
some Blastoida?. This chaiiicler alone is probably of family im- 
l)ortimco, as it is not known to exist in any other family of erinoids 
living or fossil. Otherwise the basals, tii*st radials, and first 
azygous plat(^, wouhl ally it with the Actinocrinidte and the plates 
above with the Platvcrinidie. 

Wachsmuth and S|)ringer chussed this family with th(» Dicho- 
crinidai and Ptcrotociinldie in one family which they called'llexa- 
crinidiX?. Then* an^ not three families, in my opinion, farther re- 
moved from each other, in all the Paljtocrinoida. Their family 
definition is as follows: 

'* llexacrinidic. Base monocyclic. IJasals two or three. First 
anal plate ivsting on basals, and similar in form to fii>4t radials : 
other olates arnmired as in IMatycrinida'. Calyx witli similar arm- 
like extensions. (Nilumn circular." 

Let us see what theiv is in this family definition. 1. They' 
say, *' base monocyclic. ' So is the base in every crinoid that has 
no subradials. In other families, tliev include monocyclic an<l 
dicyclic erinoids which eml)race nearly the whole oixler. 2. "Ba- 
sids two or three. '' This disregards the number of basals as a fam- 
ily character, and, inanc^ther part of their work, they say the num- 
ber of basals cannot be considered as of family importimce ; and yet 
erinoids having only two basals are unknown in rocks as low as 
the Devonian, and Arthracantha is exclusively a middh* Devonian 
genus. 3. ^'Fii'st anal plate resting <m basals, an<l similar in 
form to first radials." It is the same in the Actin(XTinida\ 4. 
*' Other plates arranged as in Platycrinidie. ' Such is not the ease 
in tlie PterotocrinidiC, by any stn^tch of the im:igination. ."). 
•'Calyx with similar arm-like extensions." This cannot ha true, 
for they include arms constructc»d of single and double series, 
arms widely separated and closely compacted ; arms free flowing 
and those confined in interbrachial angles, and, in short, almost 
every form is represented, i), -'Column circular." This is the 
ease in nearly everv famil\\ 

^ W V 
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GENERA HAVTXr, THREE BASAL8. SUBRADIALS. NO 

REGULAR INTER RADIALS. 

FAMILY, Ichthy crinoidaB.— lothyocrinus, LeoanoorinuSt Mes- 
pilocrinus. 

Calj-x oheonoidal to subglol)ose. Basals three of unequal size. 
Subradials five, pentagonal and hexagonal. Primary radials two, 
three or four to five. Secondiiry radials more or less numerous, and 
higher bifurcating series abutting laterally. No regular interradials. 
Azygous inteiTadials usually absent in lehthyocrinua, one sub- 
quadrangular and resting upon the larger basal as in Mespilocrinus, 
or two, one of which rests obliquely in the angle fonned by the 
upper sloping sides of two subradials on the right, and the other 
truncating the subradial on the left as in Lecanocrinue. 

FAMILY, AmpheristocrinidaB.— AmpheristoorinuB, Olostero- 
crinu8(?) 

Calyx obp3'ramidal. Biusals three, two truncated on top, the 
other mucli smaller and angular above. Subradials five, two 
hexag(mal, two pentagonal and one heptagonal, the latter the 
larger one. Primary radials one in each series, with a small cen- 
tral concavity for the reception of a second plate, as in Platy- 
crinus. No regular interradials. Azygous area large, having six- 
or more plates ; the first one rests ol>liquely upon the right upper 
sloping side of the heptagonal subradial and the under sloping 
side of the right fii-st radial, the second one truncates the same 
subradial and these bear smaller interradials. Closterocrinus is 
referred with some doubt to this famil3\ Wachsmuth referred 
Ampheristocrinus to the Cyathocrinidaj and did not mention Clos- 
teroc^rinus. 

(jenera haying three basals, subradimis, and 

re(u:lar interradials. 

FAMILY, TaxocrinidaB.— Forbesoorinus, Onyohoorinus, Taxo- 
crinus. 

Calyx saucer to cujvshaped. Basals thi*ee of unequal size. 
Subradials five, unequal. Primary radials more or less numerous, 
the firet one sometimes reaching as low as the basals and com- 
pletely disconnecting the subradials. Regular interradials from 
one to twenty or more. Azygous area larger than the regular in- 
terradials areas and plates more numerous ; the first plate in some 
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genera truncates -a subradial, and in others rests between the 
upper sloping sides and the first radials. 

\n Taxoilrinus sul)ovatus, the ba.sals form a penUigon extend- 
ing l)eyond the (u)himn, the subradials are small triangular plat<'s 
separated from each other, so as to allow the first rndials to rest 
u|K>n the basals ot the central part, with under-sloping sides abut- 
ting the adjacent subradials. 

(IKNERA HAVING FOUR BASALS. NO SUBRADIALS. 

R K(ll • LA R IXT K R R A DT ALS. 

FAMILY, Buoalyptoorinide©.— Bucalyptoorinus, Hypantho- 
orinus. 

(^d^TC bowl-shapetl to obconoidal with tlepressed base. Rasals 
four, one larger than the others, deeply sunkiui in the bivwal caNity 
and developed in the interior. No subradials. Primary radials 
three to five ; secondary* radials two to t<»n ; tertiary nuiials one to 
twent}'. Internulials three ; the tii'stone is the largest plaU* in the 
calyx and always has ten sides ; the other two are separattMl by a verti- 
ciil suture and their upper ends exUaul to the top of the tc*rtiary ra- 
dials, where they supi)«)rt long, fiat, interbraehial plates ; inler- 
secondary radials. in form like the upper rt^gular iut(Tradials, in 
like manner extend to the top of tlie tertiary radials and support 
long, interbraehial plates. Azygous ai-ea like the other inU»rra- 
dial areas. InU»rbraeial plates exttMid from the top of the inter- 
nulials as high as the arms reach, where they unite with the sum- 
mit plates. Column round. After a re-examinati<m of the fos- 
sils, I think the genus Hypanth(H-rinus should be rest.oivd to re- 
ceive those forms with a proboscis extending beyond the arms 
and summit phites. 

FAMILY, MelocrinidaB.— Oompsoorinus, Mariacrinus, Melo- 
crinus. Tecunoorinus. 

Uaiyx bowl-shai>ed to obconoidal. Rasals four, unecjiial. No sub- 
radials. Primary radials three to five : secondarv radiais more or 
le.ss numerous, and sometimes, as in Uompsocrimis, m my tertiary 
nulials. Interradial, intfrsiM'ondarv and int<*rtcrti:irv an-ns more 
or less tlattene<l or deprcs.sed. First regular interrailinl n-sting 
ujxm the uj)p<'r sloping sides of the tirst ra<lials, followed by tw(> 
plat<^s and these by threi*. above wlii«h the plates are mon» or h*ss 
numerou.s. Azvijous area wider than the rcixular areas, the first 
plate resting upon a basal or between the tii*st radials, and gencr- 
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ally followed by three plates and these by three or four, above 
which, they are moi*e or less numerous. Vault variable. Column 
round as in Melocrinus, or (juadrangular with depressed sides as 
in Compsocrinus. It is not without some doubt that Compso- 
crinus is referred to this family, because the azygous side, upper 
part of the c^lyx and the column are quite different from all 
other genera. Teehnocrinus is also doubtfully referred to this 
family, because in it, the azygous area is like the other areas, and 
the upper part of the calyx is widely different from Melocrinus. 

FAMILY, Xenoorinidsd.— Xenoorinus. 

Calyx obpyramidal, sides depressed. Basals four, unequal, unit- 
ing at the angles of the column. No subradials. Primary radials 
three to live, long, flanged on both sides ; secondary radials four 
or more in eiK^h series of the same form. Interradial and inter- 
secondar}^ radial areas depressed and covered with numerous ver^' 
small plaU'^s. The first intermdial genemll}' rests upon a basal 
but in some cases it is separated therefrom by a narrow prolonga- 
tion of the flanges near the lower part of the first radials, and 
hence rests upon the lower part of and between the first radials. 
Azygous anui conbiins a vertical series of long plates, nearly* as 
long as radials, in its central part support<Ml upon a basal plate 
and extendinjir bevond the c^ilvx ; and on each side of it there arc 
numerous veiy small plates, as in the regular interradial areas. 
Column quadrangular, but sometimes becoming round below, 
(^olumnar canal pentagonal. 

GENERA HAVING FIVE BASALS, FIVE SUBRADIALS, NO 

REGULAR INTERRADIALS. 

FAMILY. Oyathocrinidsd.— Abrotoorinus, ' Araohnoorinus, 
Bursaorinus, Oaraboorinus, Oyathoorinus, Graphiocriniis, 
Palsdoorinus. 

Calyx saucer, hemispherical or bowl-shaped, depressed below. 
Basals fine, e(|ual, varying fi-om a flattened disc to a cone in tlie 
interior of the calyx. Subradials five, large. Primary radials one to 
\a> five, large, tiie one on the right of the azygous side usual I3' the 
.smaller one, truncaUMl on the top, and usually having a concave 
facet in the centrel part of each for the support of the brachials ; 
but in Abrotocrinus, Bursacrlnus and Graphiocrinus the articula- 
tion is upon the whole upi)er horizontal face, as in Poteriocrinida?, 
Avilli an external gaping suture. No regular interradials. Azy- 
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gous plate resting upon the upper edge of a suhradial and be- 
tween two radials. Column round or pentagonal. 

Cambocrinus is included in this family on the supposition that 
Billings was mistaken in saving the azygous area has three i)lates 
instejid of one. If, however, his diapnosis was correct the genus 
would belong to another family. 

I have separated from the Cyathocrinid^ the Poteriocrinidie on 
the ground of the increased number of plates, and -the fact that 
one of them rests upon two subradials and another upon one ; 
confining the Cyathocrinidie to those having a single azygous plate 
truncating a subradial. If this distinction is not of family im- 
portance^ then the Potei'iocrinidie to those having a single azygous 
plate, truncating a subradial. If this distinction is not of family 
importance, than the Poteriocrinidie should be associated with the 
Gyathocrinidoe, as most authors have done. As a generel rule 
the calyces of the Poteriocrinidte are obconoidal from the atUich- 
ment of the column up, and the bases of the Cyathocrinidje are 
sunken, giving the calyces a l)owl-shape<l. but this rule has its 
exceptions, so that families cannot be based upon it. 

PAMILiY, PoterioorinidSB.— Ateleetocrinue, BarrorlnuB, Ocb- 
liorinus, Buepiroorinus, HomocrinuB, Hydreionoorinue, 
Poterioorinus, Scaphioorinus, VasoorinuB, Zeacrinus. 

Calyx obconoidal to* bell-shaped. Basals five, ecjual, forming 
u flattened disc or low pentagonal cup, with high angles between 
the subradials. Subradials five, une(|ual. Primary radials one to 
live, horizontally truncated u))on the upper face for the articulation 
of brachials. No regular interradials. Azygous interrrdials two 
or more, the fii"st one resting between two upper sloping sides of 
subradials and below the under sloping side of the first mdial on 
the right, the second one abutting u))on the fii*st. truncating a 
submdial and abutting upon the first radial on the left. In such 
genera as Barycrinus, this plate also abuts upon the first radial to 
the right and extends to the top of the calyx. But in genera 
having three iizygous plate's, the third one rests \\\Ky\\ the fii*st, 
abuts upon the second one on the left and the tli-st radial on the 
right ; and if a fourth plate exists it rests upon the second, abuts 
*the upper part of the first radial on thi^ left, and the first brachial, 
and the third azygous plate on the right. Where three or more 
plates form part of the calyx, they are aiTanged alternately in 
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two rows, and continue into, and form part of the ventral sack or 
proboscis. 

I have chissed Hj'dreionocrinus and Zeacrinus in this family with 
some doubt They differ in the general construction of the vault 
and in the arrangement of the azygous plates from other genera, and 
probably they constitute a separate and distinct family; though I 
believe all American authors have classed them with the Poterio- 
crinidse. 

FAMILiT, Dendroorinidsd.— Dendroorinus, Ottawaorinus. 

Calj^x obconoidal. Basals five, e(iual, forming a low pentagonal 
cup. Subradials, five, unequal. Primary radials one to ^our and 
one to two horizontally truncated or having* a concave facet for the 
ai-ticulation of the arms. No regular interradials. Azygous in- 
terradial, one, truncating a subradial followed by a double series 
of plates that graduate into the pro)x)Scis. This family is distin- 
guishe<l from the the CyathocrinidsB and Poteriocrlnidae by having 
two primary radials on the right of the azygous plate instea<l of 
one. Othen\'ise the form of the calyx is like that of a Poterio- 
crinus and the azygous plate like that of a Cyathocrinus. The 
many species of Dendrocrinus and variety of forms lead to the 
separation into a family for convenience of classification, l)eside, 
no Poteriocrinus is found in the lower Silurian rocks, where 
Dendrocrinus prevails, and onl}' one rare genus (Euspirocrinus) 
referred to the Poteriocrinidse exists in the rocks of tliat early age. 

FAMILY, Eupaohyorinidsd.— iEsioorinus, Deloorlnus, Eupa- 
ohyorinus, IJlocrinus. 

Calyx somewhat hemispherical, flattened or depressed at the 
biise. Basals five, equal, sometimes forming an interior cone. 
Subradials five, ver}' large. No regular interradials. From one 
to three a;5ygou8 interradials, when only oi\e exists, it truncates a 
subradial and rests between first radials, as in Cyathocrinus, but 
when two or more exist they are arranged much like they aix* in 
Poteriocrinus, though the first plate situate between the upper 
sloping sides of the subradials and below the primary radial on 
the right, may be larger than a primary radial, which is never the 
case in the Poteriocrinidte. The primary radials are truncaUnl at 
the upper edge, and have a straight hinge line from one junction * 
of the plates to another, for the articulation of the first brachial 
plates which are generally spine-bearing. The primary radials . 
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when vieweil from the interior are arched over part of the visceral 
cavity, but as seen from al)ove, they extend l>eyond the articulat- 
ing hinges toward the center of the vault as a platform upon 
which the proboscis is supported. Tliere are no vault plates in 
this family. The azy^ous plate at the top of the calyx, extends 
its flange ovjer the visceral cavity like a primary radial, and sup- 
ports a series of plates that make a azygous side to the prolx>sci8. 
I have placed, in this family, genera differing in the azygous area 
and in the numl)er of azygous plates, but the calyces are similar 
in form othoi-wise, and the primary radials are alike in the articu- 
lating hinge, for the brachials, and flattened surface or platform 
within for the support of the proboscis, which I consider of high 
importance in the structure of the internal anatom}'. The column 
is round, the crolumnar canal five-rayed, and in the interior of the 
cal3'x it is surroundeil with muscular scars, and the biisal plates 
are anchylosed in all specimens I have examined in this family. 

Wachsmuth and Springer referred this family to the Cyatho- 
crinidae in the first part of their book, but in the third part they 
refer the genera to the Poteriocrinidae. 

FAMIIjT, Erisoorinidad.— Erisoorinus, Menocrinus, Stexnxna- 
toorinus. 

Calyx somewhat hemispherical or glol)ose. Basals five, equal. 
Subnulials five, equal. Primar}' radials five, equal. No regular 
interradials. No azygous interradials. In Erisocrinus and Stem- 
matocrinus the primary radials have the form of those in Eupachy- 
crinidae, but in Menocrinus they are like those in C3'athocrinus. 
This family is distinguisheil from l)oth, however, b}' not having an 
azygous plate within the calyx, which, I suppose, necessarily, in- 
volves important structural modifications in the jnternal anatomy 
of the animal. 

Menocrinus (Lecythiocrinus) adamsi, as illustrated by Worthen, 
(111. Geo. Sur. vol.7, pi. XXX, fig. 8.) has five basals, but M. oil i- 
culiformis, as defineil by White, jwssessed only three basals. 
White had only a single specimen and some impt'rfection may 
have misled him, for if it possessed onl}- three basals, the two 
8i)ecies are not congeneric, and the latter could have no near 
attinity with any defined family, as Taxocrinidje is the only one 
having three basals and five subnulials. 

Wachsmuth and Springer in the third part of their work refer 
Menocrinus to the Cyathocrinidae. In the first part of their work 
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they refer Erisocrinus and Stemmatocrinus to the Cyathocrinida?, 
but ill the third part they refer them to the Poteriocrinidie. 

FAMILY, Agrassizocrinidad.— Agrassizoorinus. 

Calyx conical or urn-shaped. Basals five, thick, usually ancli\'- 
losed, very small internal cavity, in which there are ligamental 
pitts. Subradials, live, large, thick. Radials two to five. No r^- 
ular interradials. Azygous interradials, three or four supporteil 
upon the basals. In the early stages of life, Agassizocrinus 
possessed a small column, but in later life even a cicatrix for the 
columnar attachment is obliterated. I do not use Astylocrinidse, 
because it was founded upon Astylocrinus, which is a synonym for 
Agassizocrinus, and as a generic name falls into synonymy, so does 
the famil}' name. Wachsmuth and Springer use Astylocrinidae. 

PAMILiY, Meroorinidsd.— Merocrinus. 

Calyx very low, l)road at the base, slighly expanding. Basals 
five, low, wide. Subradials, five, short, wide. Radials one to 
four, and one to two, one radial series having two plates, the up- 
per one of which is axillary and suppoi-ts on its right sloping side 
a brachial series, and on the left a smaller series that enters into 
and forms part of a proboscis, and in this respect the arrange- 
ment of the plates is like an locrinus. No regular interradials. 
No azygous interradials. Brachials numerous. 

(lENERA HAYING FIVE BASALS, FIVE SUBRADIALS, 

REOUAR INTERRADIALS. 

FAMILY, Gauroorinid89.— Qaurocrinus, Retioorinus. 

Calyx obpyramidal, depressed in the interradial and intersecond- 
ary radial areas, and having strong radial ridges. Basals five. 
Subradials five. Primary radials three to five. Secondary radials 
from two to sixteen to ten. Regular interradial areas filled with 
numerous small plates resting upon the subradials. Secondary- 
interradials areas filled with numerous small plates. Azygous 
area larger than the regular areas, and supported by a ridge up 
the middle series of plates somewhat like a radial ridge. Vault 
covered by small plates which are continued as a covering over 
the arm fuiTOWS. Column pentagonal with sides more or less 
depressed. 
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PAMILiY, Rhodoorinidsd.— Arohseoorinus, Goniaeteroidoori- 
nus, Lyrioorinus, Rhaphanoorinus, Rhodoorinus. 

Calyx subglobose or hemispherical. Basals five, forming a 
flattened disc or developed as a cone in the interior. Subradials 
five, equal. Primary radials three to five. Secondary radials 
one to four to ten. Regular interradial areas wide, plates large, 
the first one resting upon a subradial and between the first primary 
nidials. Azygous area like the regular areas except an occasional 
extra plate or two without disturbing the general symmetry of the 
calyic. 

It is not without some doubt that Archaeocrinus and Khaphano- 
crinus are referred to this family. 

FAMILY, Qlyptaeteridaa. — Qlyptaeter, Laxnpteroorinus, 
Thy8anooi:inus. 

Calyx obpyramidal to cup or urn-shaped. Basals five, ecjual. 

Subradials five, four of them equal, the other one truncated for 

the support of the first azygous phite. Primary radials three to 

five. Secondary mdials variable in number in ditferent genera. 

Interradial areas flattencid or convex, plati^s large, one in the first 

series, resting between the upper sloping sides of tiie first radials, 

two in the seccmd and smaller ones above. Azygous area wider, 

the first plate resting on a subradial is followed by three plates 

and these b}^ three, four or more in succeeding ranges. 

OEXKRA HAYING FIVE BASALS, NO SUBRADIALS, REG- 
ULAR TNTERRADIALS. 

FAMILY, QljTPtoorinidSB.— Oupuloorinus, Glyptoorinus, Pyo- 
noorinus, Sohizoorinus, Siphonoorinus. % 

Calyx obp3'nimidal. Biisals five, equal. No sul)radials. Pri- 
mary radials tiiree or four to five, the last one supporting second- 
fl.ry ratlials, and sometimes tertiary radials exist within the calyx. 
Interradial areas more or less flattened. Regular interradials more 
or less numerous, the fii*st one resting between the upper sloping sides 
of the first primary radials ; this is followed by two plates, and there 
are three or more in succeeding series. Azygous area wider and 
containing more plates than the regular areas, though commencing 
with one between the ui)per sloping sides of the primary radials. 

I am inclined to think that Siphonocrinus should be chvssed in 
another family, because the fii'st plate rc^sts upon the basals, and 
for other structural differences. It is placed here only provision- 
all v. 
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FAMILY, Oleioorinidaa.— Oleiocrinus. 

Billings described Cleiocrinus as having five basal plates between 
the first radials, and forming a belt at the end of the column. I 
repnxluce*! his illustration in North Americal Geology and Palaeon- 
tology. Wachsmuth coiTectly asserts that **such a structure has 
never been found in any crinoid. " I believe with Wachsmuth, 
that the plates supposed to be basals by Billings, are interradials, 
but beyond this I cannot follow him. lie T3elieves this genus had 
three very small basals and five small subradials and he has given 
us an illustration of his views which obliterates the columnar 
canal. I am unable to understimd why he should suppose 
there are three basals and five subradials when such a structure is 
wholly unknown in the Lower Silurian rocks. , Indeed, three 
basals, five subradials, regular interradials and azygous interra- 
dials are known to exist only in three genera, and they belong to- 
the Subcarbonifierous age. I suppose Cleiocrinus had five basals 
and no subradials. And even with this structure, it would be so 
far removed by reason of the arrangement of the plates constitut- 
ing the calyx, that it would constitute a distinct family. 

GENERA HAVING FIVE BASALS, NO SUBRADIALS, NO 

REGULAR INTERRADIALS. 

FAMILY,' Heteroorinid89.— Eotenoorinus, Heteroorinua, loori- 
nils, Ohioorinus. 

Calyx obconoidal. Basals five, une<pial. No subradials. No 
regular interradials. Azygous interradials not reaching the basals, 
but resting upon the upper sloping sides of the first radials. Pri-^ 
mary radials irregular, and varying in number, in the same genus, 
the right posterior nulial, in some cases, resting upon an azygous 
plate, and in lociinus a radial plate surports on its right sloping- 
side a series of bnichiie plates, and on its left a series of quadniu- 
gular plates that graduate into and form part of the pro-boscis 
or ventral tube. 

FAMILY, Anomalocrinidad. — Anomaloorinus. 

Calyx saucer or cup-shaped. Basals five. No subrtidials. No 

■ 

regular int<?rradials. A subquad ran gular azygous plate situate be- 
tween the lateral sloping sides of the two fii*st radials unites with 
them by a serrated edge and curves over towanl the vault. One 
primaiy radial in three mys and two in each of the other two rays. 
The arms are wide apart, and the radials, between the arms. cur\'e 
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over the edge of the vault There is only one genus known. 
The calyx is low and wide, plates large, column large, different 
from any other known, arms also differing from all others and 
bearing pinnules only on one side, from one arm bifurcation to 
the next alternately. 

The diagram of Anomalocrinus incurvus, by Meek in the 111. 
Geo. Sur. vol. 3, p 327, and reproduced in my work in North 
American Geology and Palaeontology p. 324, is incorrect, if the 
specimen figured in the Ohio Palaeontology vol. 2 from my col- 
lection under the same name, belongs to the same species. The 
columnar canal is large and five-rayed. The second and third 
azygous plates form part of the vault covering. 

FAMTTiY, BelexnnocrinidSB.— Belemnoorinus. 

Calyx cup-shaped. Basals, five, large, long, narrow, and of 
irregular shape, enclosing a very small visceral cavity. No sub- 
radials. Kadials one to five, smaller than basals. No regular in- 
terradials. Azygous plate like a radial in line with them, resting 
upon a basal between two radials and supporting a ventral sac. 

FAMILY, OatilloorinidaB.— Oatilloorinus. 

Calyx bowl-shaped. Basals five, forming an irregular pentagon; 
three of the sides being much the longer. Radials one to five, 
very irregular in form and size; the two larger ones constitute 
three-fourths of the circumference at the top of the radials, but 
are narrow below, while the others diminish in width upward. 
The arms rise directly from the truncated summit of the radials 
and are quite compact so that some radials support a much larger 
number of arms than others do; no regular or azygous inter- 
radials. 
FAMILY, Hybocrinidaa.— Hyboorinus. 

Calyx bulged or tumid on one side. Basals, five, large. One 
plate half subradial in position, in line with four first radials, but 
not extending quite so high, and bearing upon one upper sloping 
side a radial, and upon the other an azygous plate which is 
rounded and crenulated at its distal extremit}' as well as much 
thickened. No regular interradials. 

FAMILY, Haploorinids^.— Allaffecrinus Haploorinus. 

Calyx cup-shape. Basals five. No subradials. No interra- 
dials. No azygous plates. Primary radial^ two to three plus 
one to two, with small protruding concave facets in the upper 
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truncated sides for the attachment of the arms; the upper face 
of these plates supports five vault plates that form a pyramid over 
the visceral cavity of the cal3Tc. The sutures of the vault plates 
are bevelled, shallow in the lower part, wider and deeper above, 
and truncate the top of the pyramid. 

Carpenter regards Haplocrinus as <* permanently in the condi- 
tion of a Pentacrinoid larva with a closed tentacular vestibule." 
Wachsmuth and Springer, fully agree with him that Haplocrinus 
is <* a persistent larval form, but do not understand how the five 
large plates can represent the orals in a palaeocrinoid. " Neither 
does any other one. The permanent larval form is equally asburd. 

Wachsmuth and Springer refer Allagecrinus to the Haplocrin- 
idffi, while Etheridge and Carpenter referred it to the family 
AllagecrinidsB and I followed the latter in my work on North 
American Geology and Palaeontology; but probably the former are 
correct. 
FAMILY, PisoorinidSB.— Pisoorinus. 

Calyx globular. This family has five basal plates, forming a 
subequilateral triangle; in the type species, three are triangular 
and two are quadrangular, but in the American species this is re- 
versed. In the type species, two plates unite in an angle of the 
triangle and only one side of the triangle is formed by three basal 
plates, the pther two sides each being formed by two sides of the 
basal plates; but in the American species, two sides of the trian- 
gle are made by the sides of three basal plates and one by the 
sides of two basals. In the second series there are only three 
plates which form the principal part of the calyx, and they par- 
take of the characters of both subradials and radlals; one of 
them bears upon its upper sloping sides, small, radial plates, and 
is therefore a true subradial ; the other two bear radial plates upon 
their upper lateral sides, but each is also truncated in the 
upper central part for a brachial or arm plate and therefore two 
plates are both radial and subradial in position. There are, there- 
fore, three small true radial plates and two large plates radial in 
the central part of each, so that the crinoid has only five arms. 
No radial plate is truncated entirely across the upper face, but in 
all cases the first brachial or arm plate rests in a socket with a 
point of the radial supporting it on each side. The column in 
all known species i^ round and the plates of the calyx remai'kably 
thick, especially in«the lower half. 
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There is no other American crinoid having basals that form a 
triangle, nor having five basals followed by a second stjries of 
only three plates, nor having a second series composed of plates 
lx)th radial and subradial in i)osition. 

PAMUjY, Edriocrinidsd.— Edrioorinus. 

Calyx cui>-shai>ed. The base is solid in Edriocrinus, and, 
therefore, if it ever consisted of more tiian one plate, the nnmber 
is unknown, and it constitutt\s nearly all of the cal^'x. There are 
five radials resting in depressions in the base. No rt»gular interra- 
dial.. An azygous plate, in line with the radials, rests in a basal 
depression and extends as high as the radials, it is followed by a 
small plate. But little is known of this family. 

FAMILY UNCERTAIN. 

The fossil described by Hall under the name of Myilillocrinus 
Americanus belongs to an undefined genus. The definition of the 
species is probably incorrect, for in all known pala?ocrinoid(»a the 
rays of the columnar canal notch the bjisal plates, and this species 
is figured as having a four-rayed canal and described as having 
five basals. Probably other specimens will show that it has only 
four basals, for otherwise, it will be rpiite anomalous, and in 
either event, it is not a Myrtillocrinus. 

Nipterocrinus was placed by Wachsmuth in the Jcthyocrinidie 
without knowing the number of basals in the genus, and Zittcl re- 
ferred it to the Cyathocrinida? upon ecpially as goo<l grounds. 
Until we know whether it has three or live basals, any familv ref- 
erence must be provisional and of little value. 

Camarocrinus douljtless belongs to a family Camarocrinidje, 
but it is so far removed from other crinoids that it may belong to 
a distinct order. Ancyrocrinus, Aspidocrinus. Brachiocrinus, 
Coronocrinus, Cystocrinus and Pachvcrinus are erenora about 
which ver}' little is known. 



A GREAT QUARTZYTE MORE RECENT THAN 

THE OLENUS-SCHIST. 



By N. O. IIoLST.* 

While the author was reconnoitering in the southern part of the 
district of Vester-botten in 1885, he observed also the exposures of 

♦From Geologlska Forenlngens I Stockholm Hd. II, p. 33, 1889. 
Translated by O. W. OostUind. 



358 Tlie Avierican Geohxjist, Dec. i890 

the Silurian along Ormsji** (a lake) in the parish of Doratea, as 
already made known by E. Sidenbladh. The Silurian strata con- 
tinue from this point further northwest along the valley of Orms- 
jOan, as obser\'ed by me last fall. Thus were seen slates contain- 
ing ''orsten" belonging to the horizon of Paradoxides forchham- 
meri, a few kilometers south of Bredsele on ArksjO&n, as well as 
further southeast at Nyboden. At the fii-st named place were 
found Agnostus la?yigatus Dalm.,^ A. planicauda Aug., as well 
as a species of Olenus and possibly still another species of Agnos- 
tus ; at the latter named place, Agnostus planicauda Ang. and 
possibly also A. fallax Linrs. 

Of special interest are the geological relations at the rather 
steep mountiiin, Mansberget, situated two Swedish miles north- 
west of the Doratea church. Below this mountain a small boulder- 
covered plain extends down towards Oster-ormsjO, which covers 
the foot of the mountain. Somewhat further towards the north- 
west, close to the shores of OrmsjO, at the village Vester-0rmsjl5, 
the Silurian slatcj is, however, seen to predominate so largely in 
the moraine that it can here be considered to be in situ.^ Quailz- 
ytc, with a west-northwest dip, is exposed in a precipice of about 
100 meters above the plain. The rock has much resemblance to 
the so-called Vcmdols-(iuartzyte. It is of a dirty white or gray 
color, sometimes greenish and at times granular or like sandstone. 
Somewiiat further up the exposure it is more compact and plainly 
bedded, dipping slightly west-norlhwest, so that the rock in this 
direction is found continually lower down. The quartzyte was 
reported to continue north far up the mountain. And if it reaches 
the top of the mountain, as is probable, it is at least some two 
hundred mctx?rs in thickness. 

Between the exposure of the quartzyte and the boulder-covered 
plain a slope is found extending southward, characterized by its 
luxuriant vegetation. The descent of this slope is, in general, 
some 20-30 degrees, but at times as much as 50 degrees from the 
level. On this slope, mostly covered with soil, are found pieces 
of black slate and boulders of '^orsten, " of which the latter are 
not rich in fossils, but yet have in certain laj^ers fragments of 
Paradoxides fossils, as well as those from the Olenus horizon. 

* All the fossils have been deternihied by Dr. G. Holm. 

2 In a piece of schist containing **orsten, " brought home was 
found Agnostus parvifrons Linrs. The specimens from here seem to be 
smaller than usual. 
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At Beveral places it can also be seen that the slate an<) the 
"orstea," as found in the elope, hare about the eame dip as the 
quartz]'te. The Silurian deposits here are, without any doubt, 
connected with those just mentioned at Vester-OrmsjU. 

Already in 1885 I made the observation in connection with my 
visit here " that the slate to all appearance was over-laid hj the 
quartzyte. " But I did not wish then altogether to exclude the 
possibility of the slate being deposited cotemporaneously with 
the quartzyte, or by faulting had got a lower position in rela- 
tion to the quartzyte than what it originally had. Although an 
extensive landslide covers the slope in which the slat« ia found, 
yet the slate and the quartzyte came so close together that I 
already at that time perceived that the true relation of these two 
rocke could readily be made out, and without very extensive digging. 
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But at that time I passed the place late in the day, and did not 
have time to return the following iXd^y. 

Last fall) when I again passed through the valley of OrmsjO, 
I decided to make out the relation of the strata by digging, and 
was surprised when I found how easily this could be done. The 
section thus obtained is herewith presented. 

The slate is often compressed but appears in general to dip in 
the same direction as the quartzyte. Furthermore, it may be 
stated that layers of black slate a few decimeters in thickness are- 
seen in the lower part of the quartzi/te ( a ), ^ which reminds one 
strongly of the Olenus slates. 

The stratigraphic relations at the M&nsberget, therefore, give 
all indications of a great quartzyte deposited above the Olentis 
stratum, and even seems to pass into it by an alternation of layers. 



RECENT OBSERVATIONS ON SOME CANADIAN 

ROCKS. 

By Alexander Wdtchell, Ann Arbor. 

Having recently enjoyed the opportunity to carrj' on some field 
investigations in Canada, in a region almost critical in its bearing- 
on some questions at present agitated, I desire to make a record 
of facts observed, and indicate an incidental question which pre- 
sents itself for future discussion. The regions chiefly studied on 
this occasion, lie between the Sault and Echo river ; on the east of 
the head of Great Lake Geoi^e, in the river Ste. Marie, and in 
the vicinity of Echo lake, especially on the west and north of that 
lake. These regions are embraced within the strike of the forma- 
tion bordering the valley of the Thessalon, and heretofore 
studied by my brother and myself, as far as Ottertail and Rock 
lakes. The present observations therefore, serve as a connecting 
link between our former observations and the eastern shore of 
lake Superior. 

The only previous observations on the same regions which have 
come to my knowledge, are those recorded in the Report of the 
Canadian Survey for 1857, made by that sagacious, many-sided 
and indefatigable explorer, Alexander Murray.* I never follow 

*Canadian Report for i857, pp. 18-34. Sco also, Logan's remarks on 
Mnrray's results, pp. 6-7 ; and Qeology of Canada^ 1863, p. 61, and his 
Map of the Huro^iian Rocks, in the Atlas accompanying this volume. 
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in Murraj^'s footsteps without receiving an impression of his tire- 
less energ}' and his ([uick geological intuitions in working out the 
structure of regions difl3cult, as these are, in the extreme. 

The whole of the country over which my recent observations ex- 
tended, is colored by Sir William Logan as Huronian, and reach- 
ing from the uppermost quartzites to the "Lower Slate Conglom- 
erates. " 

The Ste. Marie's river from lake Superior to the head of Great 
Lake George, pursues a direction a little north of east ; but it 
prei^nts two northward curvatures shaped like an ox-yoke, in the 
centre of the western of which, the two Saults — the Canadian and 
the American cities — are situated, and the centre of the eastern 
of which swells into Little Lake Geoi^e. Great Lake George is a 
broad expansion of the river opening out of the eastern extremity 
of the ox-yoke, as Hay lake opens out of the middle of the ox- 
yoke — ^the two forming opposite sides of Sugar island. The immedi- 
ate Canadian shore of the river Ste. Marie is mostly level and sandy, 
and without doubt, is underlaid by the lake Superior sandstone, 
which outcrops at the Sault and in the neighborhood of Gros Cap of 
lake Superior. At the distance of one or two miles back from the 
shore, the country becomes rugged, through the presence of suc- 
cessive short ranges of quartzite hills, rendered more pronounced, 
in many cases, by dykes of diorite and felsite. The quartzite 
ranges are separated by valleys of hard timber and a fertile soil ; 
and these, within twenty miles of the river, are cleared and culti- 
vated. These ranges continue to the east and southeast of the 
head of Great Lake George, with a general easterly trend ; but, at 
a greater distance, their trend is more southeasterly ; and the en- 
tire peninsula between Great Lake George and the * ' Northern 
Channel '' is occupied by them, as far as the Bruce mines and the 
Thessalon river. 

One who has studied the Huronian quartzites ia the valley of 
the Thessalon, will at once recognize their prolongation in the 
T^ion east of Great Lake Geoi^e. Between Ottertail lake and 
Echo bay is only fifteen miles in a straight line, and in the direc- 
tion of the strike ; and the great white pebbly and reddish quartz- 
ites have undergone no perceptible change. It is not necessar}', 
therefore, to give them a full description, in this place. It suf- 
fices to state that in the district referred to, they assume a verj' 
massive condition, the beds when discernible, being four to eight 
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feet thick, and outcropping in a succession of terraces — as occurs 
Also in the Thessalon valley. But considerable search is requisite 
to discover either outcropping steps, bands of deposition or dis- 
tinct courses of pebbles — ^the last, though of frequent occurrence, 
being generally disseminated through the rock. 

The other remark which may possess interest, concerns de- 
posits of iron ore in the quartzitos. The terrane is extensively in- 
tersected by veins and joints. A sj'stem of jointage trends nearly 
cast and west, and none of these joints assume the character of 
veins. But there are many veins and quasi-veins trending 
N 45** W and N 65** W, which carry encouraging quantities of 
haematite. As regards the filling of these veins, there are two 
classes. The first class consists largely of a network of veinlets 
without gangue, diverging and reiiniting with a principal vein. 
The latter, however, has not been seen to exceed four or five 
inches in diameter ; and the whole network, spreading sometimes, 
over a space ten or twelve feet wide, would scarcely aggregate two 
feet. The whole contents of the system of ramification is pure, 
often hard and brilliant, haematite. 

The other class of iron-bearing veins is accompanied by a volum- 
inous gangue, the whole attaining widths of twelve, eighteen and 
fifty feet or more. In an opening made on a twelve feet vein, the 
limiting walls are quatrtzite, and well defined. The gangue con- 
sists of a single material. It is light gray or faintly bluish, finely 
granular and slightly porous, with a specific gravity of 2.7. 
Numerous pale pinkish spots are scattered through it, which are 
generally three millimetres apart and one millimetre in diameter. 
One sees, under a lens, also, a multitude of minute black parti* 
cles, sometimes dark reddish, pretty evenly disseminated. It has 
a hardness between calcite and g}7)sum, and from that upward 
one or two degrees. Acids produce no effect upon the substance. 
Treated for alumina, a variable quantity is eliminated. In some 
samples, the greater part is alumina ; in others, it is silica. No 
carbonic anhydride is present ; but with barium chloride, the re- 
action for iron peroxide is strong. In polarized light, between 
crossed nicols, the whole mass is s6en to be amorphous or feebly 
refracting, with an occasional minute grain of quartz ; and some- 
times a widely disseminated presence of quartz, is evinced, but 
very much disguised by amorphous matter. Throughout are dia- 
seminated small irregular individuals perfectly opaque, which are 
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undoubtedly haematite, since a deep red color is developed in 
grinding the thin sections. This gangue fills the vein-fissure 
somewhat homogeneously from wall to wall, without any indica- 
tion of a comb structure. 

This substance is in process of change to hsematite, or perhaps 
more properly, replacement by haematite, though the processes 
wonderfully simulate transmutation, to the ordinary observer. It 
b^ns on the surfaces of joints or fractures, and penetrates into 
the solid interior. In many places it has proceeded until large 
masses of haematite have been formed. This is occasionally limo- 
nitic, but generally, a rich quality of haematite, often black and 
solid. The boundary between the changed and unchanged por- 
tions is generally abrupt. The portion immediately contiguous to 
the haematite is not distinguishable from the general unchanged 
mass. The conviction arises that in course of time, the entire 
gangue would become iron ore. The change witnessed is of course, 
within a few feet of the surface ; but it does not appear to what 
extent it depends upon meteoric agencies ; nor whether the amount 
of change accomplished would increase or diminish with depth. 

In one location a width of eighteen feet appeared to have com- 
pleted the change, though in this case, the soft red material con- 
tained only about eight per cent, of iron. Along side of this, 
however, was a rich, vein-like deposit of haematite, in places 
almost specular in its lustre. It may be suggested that the rich, 
vein-like accumulation in the kaolinic substance, or along side of 
it, has been derived from the numerous minute h^matitic particles 
disseminated through the gray mass, and that the reddened mass 
is the same after most of the iron has been extracted. 

In another instance, the kaolinic gangue material extended over 
a breadth of fifty or sixty feet, thouo:h the soft argillaceous iron 
deposit was but a few inches wide. The ore is coarsely granular, 
and the grains possess flattened sides as if by mutual pressure. In 
spots, the pressure has been accompanied by slight motion which 
has imparted a slaty structure. The kaolinic mother stuff is simi- 
larly granular, and similarly slaty in places. Tlie color of the 
stuff is pale bluish. The completed change is found to progress 
from point to point, and a distinct limit is quite conspicuous. In 
some portions the change is complete, except an island of the 
greenish gangue, which is thus surrounded on all sides by the 
completed ore. 
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These curious deposits appear to occupy fissures in the quartzite, 
and are limited by walls fairly distinct, and trend in fixed direc- 
tions, N 45® W and N 65** W. There are no indications of an 
eruption, either in disturbance or metamorphism. It is not easily 
conceivable that these deposits should have resulted from any 
usual condition of irruptive or volatilized matter. It is equally 
difficult to conceive of its origin from the quartzite, either by 
segregation or decay. Nor is the case clearer if we apply the 
hypothesis of infiltration. I am not sufficiently acquainted with 
mining literature at large to say whether the occurrence is ex- 
ceptional. 

Another mode of occurrence of haematite in the Huronian 
quartzites is in association with diorite dykes. In one instance, a 
dyke stinking N 20° W, and having a width of 400 feet, and com- 
posed of long, smooth-faced crj'stals of hornblende, with a red 
plagioclase, is accompanied by narrow, irregular veins of hema- 
tite. The haematite is associated with red jasper mostly in the 
condition of parallel laminae of not over an inch in thickness. I 
was not able to ascertain, with facilities for research at disposal, 
whether the iron and jasper are included in the diorite, or are 
simply adjacent to it. If included, and not evidently a filled fis- 
sure of later age than the dyke, the facts would have some bear- 
ing on the possibly Igneous origin of some jaspers. 

A few miles from this region occurs another diorite dyke, about 
30 feet wide, traced over a mile, with a trend N 80° E, wholly 
granular in texture, composed of hornblende and a dusky red 
plagioclase with much free haematite, and accompanied also, by a 
multiple vein of haematite running along its south fiank, and, so 
far as I could judge, wholly exterior to the dyke. The partial 
veins are here also, sheathed in laterally by thin plates of red and 
smoky jasper, all standing vertically, as in the other case, in a 
position conformable with that of the dyke. This is a position of 
unconformity with the country quartzite. It follows that the 
lamination of Uie ore and jasper has no relation to the bedding of 
the quartzite, but exists in relation to the walls of the fissure 
filled by the dyke. The ore and jasper, therefore, came into ex- 
istence subsequently to the dyke, apparently by infiltration, and it 
is not difficult to understand how processes of decay and solution 
may have made tlie dyke and the contiguous quartzite the sources 
of the ore and the jasper. 
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Boho Lake. 

Having received oral information concerning the rocks about 
the head of Echo lake, which produced a half-formed conviction 
that they are older than the Huronian, I followed the quartzites 
northward from Great Lake George, across the strike, with un- 
usual interest. The Echo river flows for about four miles, in a 
serpentine course, across the level and partly swampy border 
which separates the hilly interior from Great Lake George. No 
rocks are seen to outcrop along the banks, and it is obvious that 
the country formation is no longer quartzite. According to Mur- 
ray, a << slate conglomerate" is seen both on the east and the 
west of the lower portion of Echo lake, at distances not exceeding 
two or three miles, and be3'ond. But, I found, about a mile 
north of the foot of the lake, evidently at a lower horizon than the 
slate conglomerate proper, a quartzose range, attaining an eleva- 
tion of about 250 feet, and traversed by ramifying veins of haema- 
tite. From a shaft sunk to the depth of about 30 feet, it appears 
that the formation is in part, a silico-argillaceous slate, and in 
part a fine grained and semi-vitreous smoky quartzite. Lithologi- 
cally it is quite distinct from the white or reddish vitreo-granular 
quartzite further south, and marking the upper portion of the 
Huronian. It occupies the position of the lower part of the 
'* upper slate conglomerate" noted by Murray and mapped by 
Logan. On the west shore of Echo lake, within a third of a mile 
of Limestone point, is an outcrop of dark gray, very fine or 
vitreous quartzite, which may be an eastward prolongation of that 
last mentioned. It is not very unlike the fiinty quartzite which I 
have heretofore designated the ^'Missisagui quartzite"* and sup- 
posed to be the lowest member of the Huronian on the Missisagui 
river. But I do not announce here such an identification. That 
would necessitate a reconstruction of Logan's map. 

A short distance beyond this is the point formed by the outcrop 
of a bed of limestone. It stands vis a vis to another point on the 
east shore — ^the bearing from one to the other being S 75° E. The 
distance across the point, representing the width of the outcrop, is 
about 330 feet The beach slope of the exposure covers about 30 
square rods; and the surface is amazingly, almost grotesquely, 
rough, the salient ridges of the more durable laminse standing out 
-one or two inches above the general surface, being inclined with 

♦ Sixteenth Anniuil Report Minnesota, pp. 167-170. 
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the dip, and crumpled in an almost incredible fashion. Freshly 
broken surfaces of the rock reveal lighter and darker, tortuous, 
but parallel bandings ; but the difference in durability of different 
laminae would hardly be suspected. The formation on the whole, 
is a feebly silicious limestone, very hard, fine grained, with in- 
numerable light and dark dun laminae alternating, and presenting 
on fresh fracture, a handsome appearance. A vertical dyke of 
fine-grained, black dolerite intersects the formation, 4^ inches 
wide, striking N 60° E, with a joint running longitudinally along 
the middle. As to dip and strike of the limestone, the observa- 
tions are various. The dip ranges locally from 10** up to 45** ; 
but I concluded that the average dip is not far from 20** ; and I 
shall adopt this as the dip of the Huronian at this place. Such 
dip is accordant with many observations made on the quartzites 
higher in the series. The direction of the dip here is about 
S 10** W. 

The outcrop on the east side of the lake is about 500 feet wide. 
The rock is somewhat less hard. Where blasted into for testing 
its quality, it is very compact and fine grained, and in places, del- 
icately tinted. The bands are not conspicuous except on weath- 
ered surfaces, where thousands of them stand forth, as on the 
west side. The dip is here locally, 45** toward S 25** E. The 
mean dip, judging from the strike, is probably about south, on 
both sideg of the lake. The vertical thickness of this limestone 
would be about 110 feet. 

In thin section, under polarizing microscope, this limestone ap- 
pears strictly fragmental, being composed of minute rounded 
grains of calcite which, separately examined, are distinctly re- 
fractive, and give extinctions on rotation. The dark ribbons and 
lines are formed by flows of impalpable argillaceous matter, 
mixed with more or less of the calcitic grains. The same char- 
acters arc shown by the rock from both sides of the lake. The 
broken crystals, therefore, of which this limestone was formed, 
were rolled on the beach with gentle motion, interrupted by in- 
tervals of calm, in which the argillaceous particles, the residuum 
of attrition and solution, were deposited over the bottom. The- 
conspicuous crumpling was evidently the result of later dis- 
turbances. 

This interesting limestone extends across the country westward, 
in a prominent ridge ; and a little west of Garden river, ap- 



Ohaervatuma (m Ca/n/idiam, Rocks, — Winchell. 367 

proaches within a mile of Little Lake Greorge. Its banded fea- 
tures are here quite conspicuous. A Chicago company has 
opened a quarry, and is carrying on somewhat extensive opera- 
tions. The polished surfaces of the banded and of the tinted por- 
tions constitute varieties of handsome marble — not clouded like 
some of that from Vermont, but softly ribboned, and very fine 
and delicate in texture, and procurable in large blocks. 

This limestone does not fully resemble that which I have ex- 
amined in the vicinity of the old Bruce Mines, with which Murray 
supposed it a continuation. On Logan's map, it is not connected 
with the Bruce limestone ; though the separation was supposed 
due to a fault existing along the valley of the Thessalon. But I 
hold in reserve my opinion respecting their identity. It more re- 
sembles the cherty limestone occurring in the vicinity of Otter- 
tail* and at Ansonia** — ^perhaps Logan's «<3k, Yellow chert and 
limestone," embraced in the quartzite series, and holding a posi- 
tion o6ot;c the '* upper slate conglomerate" — not below, as here. 
This though in places cherty, possesses the fineness and evenness 
of texture of a lithographic stone. At the Ansonia outcrop, its 
attitude is disturbed by a dyke of diabase ; but it presents the 
same delicate ashes-of -roses and creamy tints** as on Echo lake 
and at the quarry near Garden river. The formation at Ottertail 
dips 28° toward S 58° W, and this amount of dip may be said to 
characterize the members of the Huronian generally, from the 
mouth of the Thessalon to Echo lake. 

The resemblance to the Ansonia and Ottertail limestones is fully 
borne out by microscopic characters. The Ansonia rock contains 
more silicious particles, and a little more disseminated dust of de- 
composition. But a striking resemblance is seen in delicate 
argillaceous lines of deposition, and the formation of darker 
bands, while the general aspect of the one is a faithful picture of 
the other. At one point, however, the Ansonia limestone is 
formed largely of rounded calcitic fragments, crossed by very 
numerous cleavage cracks; and in this condition, some larger 
grains of quartz are also enclosed. But these comparisons will be 
pursued on a later occasion. 

The very probable identity of the Ottertail, Ansonia and Echo 
lake limestones must therefore be considered, in spite of their ap- 

*8ixteeifUh Annual Report of Minnesota Surv., p. 158i 
** Sixteenth Ann, Rep, Minn. p. 155. 
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parently different relations to the * * upper slate conglomerate " — 
the former appearing to hold a place ahovt the * * upper slate con- 
glomerate/' and the latter now certainly holding a place htlo¥> it 
The position determined for the former — not to speak of Logan's as- 
signment of it to the same horizon — was based by the writer,* on 
the supposed existence of a fault which had elevated it nearly to a 
level with the summit of the upper, or white quartzite, while the 
presence of pebbles of this cherty limestone indicated a position 
below the lower or red quartzite — some 9, 000 feet below its actual 
position at Ottertail. There was nothing known then, to indicate 
that it had been uplifted from a still lower level ; but, if the Echo 
lake limestone be its equivalent, the uplift must have been from a 
level below the *< upper slate conglomerate" — that is, an uplift of 
9, 500 feet, according to my observations of the thickness of the 
** upper slate conglomerate." So far then, as the petrographic 
similarity of the Ottertail and Echo lake limestones is admitted in 
evidence, we have reason for changing the I'ecorded position of the 
Ottertail limestone — the **3k Yellow Chert and Limestone" of 
Logan. This change would bring it into the position of Logan's 
**3e, Limestone, " immediately below the ** upper slate conglom- 
erate" — ^a member of the Huronian which I have not seen, unless 
the Ottertail limestone represents it. As this change would affect 
not only my own previous determination, but Sir William Logan's 
as well, I Will here merely suggest it for consideration. 

Proceeding along the west shore of Echo lake, a high hill rises, 
<!rowned with an escarpment, to which I did not ascend, and 
which has the appearance of quartzite. The next hill, however, I 
visited, and found the escarpment to consist of quartzite in heavy 
broken beds, dipping about 20** toward S40° W, and thus con- 
formable with the Huronian members. The rock is finely granu- 
lar, with minute disseminated individuals of orthoclase. The dis- 
tance from the limestone is about 2,640 feet, and this represents a 
thickness normal to the stratification, of about 900 feet 

Continuing along the northwest shore of Echo lake, we have for 
the space of three quarters of a mile beyond the last mentioned 
hill, a range of elevations b}^ estimate about 300 feet high. I 
am not able to state the facts respecting their geology. Beyond 
this, however, there is an evident change from the conditions of 
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the Huronian. The talus of the high hills is made of fragments 
of hard greenish and blackish slates, not hitherto seen in the 
Huronian, and among them are huge fragments which lithologi- 
cally answer the description of the slate conglomerate of the east 
and north shores of lake Superior. The dips are all ver}*^ steep. 
Still further on, is a mass of felsitic quartzite. Beyond this, and 
northward from the head of the lake, I found a succession of red- 
dish and felsitic quartzite, sericitic quartzose schist, and many 
fragments of hard slate conglomerate, unlike the << upper slate 
conglomerate " of the Huronian — ^the slate being here of a dark, 
greenish color, considerably warped and twisted, the pebbles 
ranging from partly rounded to completely smooth, mostly red- 
dish with feldspar, and containing some quartz. Near this, at a 
higher level, the slate conglomerate is seen in place, very rugged 
in aspect, standing vertically and striking east and west. It has 
much the aspect of the Ogishke conglomerate of Minnesota. 
Still beyond, and at higher levels, we find felsitic quartzite stand- 
ing vertical and striking N 75** W and N 60** \V. On the summit 
of a hill about 400 feet above Echo lake, the vertical knotted 
serico-argillitic schist is woven into meshes by half-inch thick 
•quartz veins. Near here are outcrops of haematite. Vertical 
strata of similar character continue growing less conglomeritic and 
more sericitic ; but pebbles do not wholly disappear, and now lie 
in courses N 55** W. A little beyond, the slate becomes argillitic, 
And the formation now closely resembles the Ogishke conglomer- 
ate. The country varies by turns to more argillitic and more 
sericitic and more conglomeritic, intersected occasionally by 
diorite dykes, until we reach the highest summit, where a bed of 
interstratified haematite appears, beyond which, crossing a valley, 
we find a rugged hill of vertical, dark, slaty argiUite — the exact 
<Jounterpart of the Knife lake argiUite of Minnesota. The course 
of this traverse is directly north from the head of Echo lake, and 
the air-line distance about a mile. 

These change<l rocks, in attitudes so strange, cannot belong to 
the same system with the quartzites, the upper slate conglomerate 
and the limestone of the Huronian. These rugged strata stand 
vertically ; the Huronian beds dip at an angle of 20°. These 
rocks strike east, or in a direction approximating that; the 
Huronian beds strike raostl}- NE and SW, though with many local 
variations in these parts. Here is a genuine discordance of strati- 
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.fication. Here are two systems, and not one, as Sir William 
Logan has mapped. them. 

A series of convictions now becomes rather clear. We stand 
here on the veritable formation which, sweeping back of Gros Cap 
to Goulais bay and Dor^ river, was identified by Logan, with the 
Huronian of lake Huron, and fully described in terms which apply 
perfectly to the rocks here under investigation. We are con- 
vinced also, of their identity with the vertical strata in Minne- 
sota and the Canadian Northwest, known as the «*Kewatin" sys- 
tem. The same observer brings the facts from remote pointa 
into mental juxtaposition, and seems to be in a position to certify 
to their parallelism. 

At the same time, another conviction seems equally clear. 
These gnarled^ green and pehhly slates are the prolongation of the 
^^ Lower Slate Conglomerate^^ of the Thessalon valley, 

I touch here a question of such fundamental importance that 
the present ocoiision will not suffice for its discussion. The out- 
come has been a surprise, and I desire to pursue the subject at 
another opportunity. 

Ann Arhor^ Nov., 1890. 



THE BRENHAM, KIOWA COUNTY, KANSAS, ME- 
TEORITES. 

By N. H. WiNCHELL and Jambs A. Dodoe, Minneapolis.* 

II. 
The accompanying plate (Plate VII. ) is a ** half-tone" repro* 
duction of a photogi'aph made by us of the slab cut from the cen- 
tral portion of the mass weighing 211 pounds. It shows well the 
distribution of the metallic iron, the specimen having been ar- 
ranged in such a way that the light was reflected from the metallic- 
surfaces, which appear light in the plate. The blackened condi- 
tion of the olivine, extending from the surface toward the center 

*The first part of this paper was published in the Geologist, May, 
1890, vol. v., p. 309. The discovery of these meteorites was first noticed 
In the Tapeka Capital, Topeka, Kansas, March 19. by Prof. P. W. Cragin. 
They were noted in vol. v., p. 256, of the Geologist, (April). Since th© 
publication of our first paper Mr. Geo. F. Kunz has described them in 
Science, vol. xv., p. 359, June 13, 1890, and from his paper some compar- 
ative facts are derived for this discussion. See also Trans. N. Y. 
Acad. Sci., vol. ix., No. 8, May-June, 1890, p. 186. 
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an average depth of about two inches, fading out gradually 
toward the center and being replaced by the unchanged olivine, is 
not well shown, but on examining the natural specimen any one is 
impressed with the great change that has taken place in the min- 
eral, and the great interval of time that must have elapsed since 
the specimen came within the influence of our atmosphere. 

Since the specimen was cut, and while this slab has been ex- 
posed to the atmosphere of our office where no acid fumes could 
have reached it so as to hasten the process, there has taken place 
a noticeable oxidation all over that part of the cut surface w'hich 
contains the fresh olivine, viz. , about the centri[il portion, and the 
metallic iron has become rusted to such an extent that it presents 
a strong contrast with the metallic iron which is nearer the peri- 
phery of the slab. This points directly to the nature of the 
change which has taken place in the meteoric mass. It indicates 
the loss of some easily oxidizing mineral originally present 
throughout the mass, or at least its partial conversion into some 
acid that rapidly attacks metallic iron. On making a closer in- 
spection it appears that the source of this rusting agent is not in 
the bronzy sulphide mentioned as one of the evident minerals. 
The red iron-rust surrounds and adheres at the edges of the 
metallic areas, and even stands up in blisters or minute bubbles, 
even where none of the bronzy mineral is present. The bronzy 
mineral is still perfectly fresh generall}', and is equally fresh and 
abundant in the darkened periphery where the change has been car- 
ried to completion. In some of the cavities within the spongy iron, 
from which the olivine amygdules have been dislodged by the pro- 
cess of cutting the specimen, may be seen the thin black film to 
which we have alluded as giving the iron matrix a botryoidal and 
specular reflection, and having, when fresh, a silvery metallic lustre, 
and a hardness of about 3 or 3^. It appears to be this fllm which 
lumishes the rusting agent Some of these films are partially 
coated with red blisters of iron oxide, although depressed below the 
general surface and out of the reach of fumes that might have origi- 
nated elsewhere ; they are now either rusty or tarnished or black- 
ened, having lost the bright silvery reflection. In the peripheral por- 
tion, however, where the change was so gradual that nearly all the 
products of the altenition were retained in situ^ these separating 
films still present shining surfaces wherever the olivine grains 
have been removed. The irony product of this alteration seems 
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here to have entered id the poriphentl portion into some of the 
gruns of the olivine, tumiDg them opaqne black bat not render- 
ing them serpentinous. TLis-was accompanied by a proportionate 
loss of some of the magnesia, as shown by the chemical analyses 
below. This rust on the iron is not the result of simple atmos- 
pheric oxidation, but has the appearance of iron that has been 
stowlj corro led bj some acid and it indicates that the sulphur in 
these films is in a different stat« of combination from that m the 
bron7\ mincnil 




Elcbed sarlace of the Kiowa meteorite. 
On polishing and etching one side of the six-pound piece the 
distribution of the three principal ingredients (olivine, iron, 
troilite) were found to be about the same as in the larger mass. 
The above figure, which is an exact reproduction of that sur- 
face, also exhibits the Widmanstattian lines which the etching 
process brought out on the surfaces of the metallic iron. The 
barred portions represent the olivine, and the dotted are those of 
troilite. Some of the metallic iron surfaces do not exhibit the 
characteristic bars, and generally there is a narrow matgioal strip, 
on all these surfaces that does not show them. 
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For the purposes of analysis three portions of the meteoric 
mass were selected, namely : first, a portion of the metal ; sec- 
ondly, a portion of the light-colored non-metallic substance ; 
thirdly, a portion of the dark-colored non-metallic substance. 
These portions were each picked out from a mixed mass of frag- 
ments and cuttings obtained in the process of making sections of 
the meteorite by sawing. 

i. ulnali/»te of t?i€ metallic portion. 

Iron 90.48 por cent* 

Nickel 8.59 " 

Cobalt 16 *• 

Copper Trace. 

Pho»phoru8 27 ** 

Sulphur 05 ** 

Carbon Trace. 

Silica 24 " 

Chromic Oxide 09 »* 



99.88 
The silica and the chromic oxide were found in the residue left 
on dissolving the metal with nitro-hydrochloric acid. The chromic 
oxide was in combination with a small amount of iron, as chrom- 
ite. This, as well as the silica, may have been attached to the 
surface of pieces of the metal, although pains were taken to re- 
move all such attached matter before analysis. A determination 
of carbon was undertaken, by Weyl's method. The small 
amount of residue from the process of solution resembled carbon. 
But when tested qualitatively, by ignition on platinum foil, only 
a small part of this residue was consumed. 

2. Analysis of the lightrcolored ruynrmetallic portUm. 

Silica 40.50 per cent. 

Ferrous Oxide 10.51 " ** 

Ferric Oxide 1.77 •* " 

Magnesia 47.18 ** ** 

Phosphorus Trace. 

|9.96 
The chemical composition of this portion is evidently that of 

olivine. 

3. Analysis of the darh-colored non-metallic portion. 

This portion appeared in some respects the most interesting. 
The pieces selected for analysis varied in size from about one- 
twentieth to about one-fourth inch in longest diameter. They 
were of irregular shape, but mostly with rounded surfaces, as 
broken out of the cellular spaces in the metallic part of the 
meteorite. Their material appeared to be homogeneous. They 
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were all of nearly the same color, almost black, surfaces of frac- 
ture showing a brilliant lustre. Some were slightly attracted by a 
magnet. The powder had a dark grey color. 

On warming the powder with moderately strong hydrochloric 
acid, partial decomposition took place, with separation of silicic 
acid and evolution of sulphuretted hydrogen in small quantity. 
Qualitative analysis showed the presence of sulphur, silica, iron, 
nickel, chromium, magnesia and phosphorus. None of the 
chromium passed into the solution made with hydrochloric acid. 
In the quantitative analysis, after digesting the powder with hy- 
drochloric acid and evaporating to separate silica, the insoluble 
residue amounted to 44.3 per cent This residue had a grey 
color, such as might be produced by making a mixture of silica 
and powdered chromite; and this it undoubtedly was. The 
chromic oxide and the iron in this residue were found to amount 
respectively to 12.28 and 4.68 per cent. This iron is slightly 
in excess of the quantity required by the formula Fe 0. Cr^ 0^ 
Account of this is taken in the following statement of results. A 
determination of the total ferrous iron present in the powdered 
substance was undertaken, by the method of professor Cooke. 
The operation was carried through in duplicate and the two re- 
sults agreed very closely. But the powder was not completely de- 
composed by hydrofluoric acid. The insoluble residue contained 
chromium and iron, and was again undoubtedly chromita The 
amount of iron in the ferrous form found by C!ooke's process was 
10.19 per cent. Part of this iron is regarded as being combined 
with sulphur, part with phosphorus and nickel and part, as fer- 
rous oxide, with silica and magnesia. . A determination of the 
total iron in the powder gave 21.21 per cent 

Silica 25.88 per cent. 

Ferrous Oxide (part), 7.53 " ** containing iron 5.86. 

Ferric Oxide (fart), 9.06 " " •« «« 6.34. 

Magnesia, 31.95 " " 

Chromic Oxide 12.28 ** " 
Ferrous Oxide (part) 

by formula Fe O. Cr, 0„ 5.82 " " •* «• 4.53. 

Ferric Oxide (part), .21 " •» " " .15. 

Sulphur 1.73 " " 
Iron combined with sulphur, 

by formula Fe S 3.03 •' «' *« " 3.03. 

Nickel, .65 ** 

Phosphorus, .18 ** '* 
Iron combined with phosphorus 

and nickel, by formula Ni, Fe^ P, 1.30 " " ** " 1.30. 

Total, 99.62 Iron 21.32. 
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As regards the distribution of the iron in the foregoing state- 
ment of the results of the analysis, it will be observed that certain 
■assumptions are made. It was, of course, necessar}* that some 
^issumptions should be made. The foregoing arrangement of the 
results indicates the presence in the material analyzed of four 
minerals, namel}': fii*st, a silicate of composition like that of 
olivine altered b}' the higher oxidation of a part of the iron, this 
mineral making up 74.42 percent of the whole ; secondly, chro- 
mite, amounting to 18.31 per cent of the whole; thirdly-, triolite, 
4.7i) per cent ; fourthly-, schreibersite, 2.13 per cent 

Yet, as previously stated, the material appeared to the eye 
liomogeneous, and a mechanical separation of the above named 
minerals from the portion taken for analj'sis would probably have 
been impossible. 

The oxidation which has been mentioned as taking place while 
the slab has stood in a room at ordinarj- temperatures, and which 
seems to indicate the presence of a sulphide besides that of triolite, 
throws additional light on the probable nature of the minerals that 
are present, and particular!}' as to the presence of daubr^elite, a 
sulphide of chromium ; and it is here suggested, for future inves- 
tigation, that the profound change which has taken place in the 
mass may consist in a conversion of daubr6elite to chromite, in 
the same manner as sulphides of iron are sometimes converted in 
situ on a large scale to oxides. In that case it will be found that 
the scale which lines the cavities within the iron, in the interior of 
the mass, surrounding the olivine masses, is a sulphide of chro- 
mium, probabl}' daubreelite, * but that in the peripher)' which 
shows no accumulation of iron rust since cutting, this scale con- 
sists almost entirely of chromite. 

The existence of daubruelite as a possible antecedent condition 
of some of the chromite must remain, for the present, wholly spec- 
ulative, and the presence of schreibersite is dependent on the 
necessities of the chemical contents and formulae. 

Microscopic Examination in Thin Section. 

We have examined six thin sections. We can detect in them 
but three minerals, viz : 

1 . Olivine, as indicated by the analysis. This shows all the 
usual characters of olivine, except that some of the grains do not 

*C. U. Shepard described what he considered a sosqiiisulphuret of 
chromium and named schreibersite, but daubreelite has supers(?ded it. 
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exhibit tlie lu-illiuui colors between crossed Nicols which are (char- 
acteristic of this mineral. Its cracks are charged with limouite, 
and this- becomes so abundant in some <j:rains as to render it 
opaque entirely, in which condition its apix^arance approaches that 
of the chromite. When it is fresh it is nearly colorless in ordinary 
light. 

2. Chromitr. In making the selection of the alx)ve analyzed 
dark, non-metallic portion, it is plain that a considerable amount 
of this mineral was included. It is fomid, not only in the outer 
dark periphery of the slab, but within the fresh central area, and 
in l)oth cases it is shining black ( like anthracite) and brittle. Its 
fracture and imperfect cleavage are not easily distinguishable from 
those of the olivine, but it lies in the midst of the fresh olivine 
grains and d(x»s not show an}- tendency to graduate into them, 
presenting sharp transitions. It is entirely opacpie, but under 
reflected light its surfaces, in the section, are seen to be spei-ked 
with numerous particles of troilite. 

3. Troiiifr. Throughout the metiK)ric mass, no less than in 
the thin sections, are megascopic particles and films of a light- 
brass}' mineral which is that characteristic of meteorites. This 
forms not only individual masses, sometimes more than a quarter 
of an inch in diameter, but sun'ounds and sepanites the individual 
olivines. It is opacpie, but its gi'ound surfaces, however polisheil, 
seem always to be checked and i-oughened b}' a tine angular 
fracture. 

It will be noticed that our results differ somewhat from those of 
Mr. Kunz : whereas the analyses given by him show the presence 
of a small amount of manganese oxide and ours show none, our 
analyses indicate^ the presence of a considerable amount of chro- 
mium, and his show none. He also speaks of olivine crystals that 
**bivak out entire, the faces on man}' of them being distinct 
enough lo measure th(» angles. The spaces from which the^- break 
are highly polislu'd, showing ever}' cr3'stiil face with a mirror-like 
polish." We find our olivine masses in rounded forms, embnicefl, 
it is true, in brilliantly lined cavities within the metallic iron, but 
we do not distinguish any individual crystd faces nor exterior 
angles. Wt* see only the surfaces of cleavag<»s which cause the 
rapid and easy crumbling of all the olivine grains. Mr. Kunz 
gives the total weight of the masses that have been discovered 
at •' about 2,00(1 pounds." lie also suggests that parts of this 
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iron had been made nse of by the aborigines, or the mound- 
builders, as pieces of meteoric iron have been found in the mounds 
of the Ohio valley. 



THE GEOLOGICAL SURVEY OF NICARAGUA. 

By J. Ckawford, Manajirua, Nicarat^na. 
Writers referring to the geology of Nicaragua invariably follow 
the Spanish statements of the fifteenth century ; an<l (U^'lare it to 

r 

consist of a heterogeneous mixture of materials (ejected from vol- 
canoes, like that of other countries of Central America. Its nat^ 
ural history has never been specially examined. This is partic- 
ularly true of its geology. Two former attempts have been 
organized for this purpose, but never actually commenced work. 
This was the situation when, about twoj'ears ago, T was leisurely 
passing through Nicaragua by the usual route from Oorinto on the* 
Pacific coast to San Juan del Norte ( now Ami'rica ) on the shore 
of the Caribbean sea. Seeing several rocks anti minerals that had 
been found here, which caused me to doubt the correctness of 
opinions heretofore entertiiined, I rather gladly accepted the otter 
from the Nicaraguan government to superintend for it the collec- 
tion of specimens of its natural history for exhibition at Paris. 
To this duty it was soon agreed to add that of examining and 
reporting on the geolog}', mineralogy and botany of this country. 

The government of Nicaragua gave me the use of tlie very few 
instruments it liad suitable for my work, also such scientific books 
in the national library fis I might find useful for reference. These 
books I found to be very anti(iuated editions of some of the works 
of Murchison, LjhjII, and De CandoUe, and some recent publica- 
tions of Dana, J. P. C(X)ke and J. H. Wythe. The latter books 
have been my sole intelligent companions during the greater part 
of the past twenty-two months. 

The belief that Nicaragua w:is almost all formed from volcanic 
ejectii was too firmly r(K)ted to warrant the cxpenditun* necessar\' 
for an outfit of mcMlern apparatus, instruments and lH>oks. We 
knew that about one third part of the country was occupied only 
b}* wild animals, and by the small remnants of three tribes of 
semi-civilized aborigines, and that the other thinl part was, outside 
of a few towns, sparsely settled by miners, cattle rancheros and 
Indians. Consetiuently I i^xpected a very rough time, in a moun- 
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tainous countrj' where pathwaj'S were dim, forest dense, population 
thin, and wild animals abundant. 

From the commencement I found the work more than usuall}' 
iittractive," and it became rapidly more and more int<»resting as the 
examination developed the j^eolog}'. I traced the volcanic fonna- 
tions, which form the western and southwestern part, northeast- 
vanll}' through Quaternary, Tertiary, Mesozoic and Carboniferous 
eras. Tlieae in some places showeil evidences of having been 
affected by volcanic forces, or streams of volcanic rock. Below 
these, with [)ossibly Devonian and Silurian stm'ta, I then found 
Eozoic rocks, as bare and liald to the sun as found on the coast of 
* Labrador. My excavations were necessarily limited and hurried, 
but they revealed evidence of the existence in Nicaragua of a 
wealth of paleozoic fossils that will, when sought for with greater 
care, delight the hetirts of the future paleontologists of Nicaragua. 
For twenty-two months I have been actively engaged, almost 
daily in examining mountains, hills, defiles, valleys, dikes, lodes, 
soils, etc. , ruins, springs, flora and fauna, and have information 
Uy enable me to make out a general description of these features of 
Nicaragua. 

Nicaragua, geologically considered, is divisible into five sections. 

Section First. 

This is tlie volcanic region, the materials dating from Tertiar}' 
and from Quatemar}- age. They consist of trachytes, basalts, 
tufas, bombs, breccias, ashes and volcanic mud, the last acting as 
a cement. There are here also Mesozoic and Carboniferous rocks 
and minerals, which have been displaced, fnictured and greatly 
changed in appearance by volcanic forces. This section is west- 
ward and southwestward, extending to the Pacific ocean, and to 
Costa Rica. It has a tortuous line, commencing about lat 
13° 15' N. and long. 87° (west from Greenwich) and extending 
to about lat. iriO' N. and long. 84° 15' W., embracing the 
large lakes Managua and Nicaragua (once a part of the Eocene 
ocean ) and many other lakes which occupy craters of extinct 
volcanoes. Such crater lakes are Mjisa3'a, Nijapa, Tistopa, Giloa, 
Apoya, Acessosoa, and othei-s, some having fresh water, and 
others large percentages of sulphates and carbonates, borates, etc. 
This section has hills, once peaked, now rounded, formed from 
materials that were the product of volcanoes during times of regu- 
lar but feeble activity, and elevated plateaus, and long, sloping 
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plains composed of large and small pieces of igneous rock mixed 
and hardened with a large quantity of argillaceous sands and vol- 
canic ash. It also embraces wide valleys from 25 to 100 feet in 
altitude above the Pacific ocean. These are formed in strata, in 
descending order of, 

1. A, slightly compacted mixture of vegetabie mold and line-grained 
volcanic cinders and aslies, from 5 to 15 feet thick. 

2. Calcareous materials from two to three feet thick, loosely com- 
pacted, or hard, composed largely of remains of shells and crustaceans, 
some of them being lacustrine and others of brackish-water species, but 
a large majority of marine. 

3. A hardened mixture of sharp-angled igneous rocks, lavas, sands, 
cinders and ashes, of a depth not yet ascertained, but very deep.* 

In this section sulphur (sofatares), paszuhmo, pumice and . 
obsidian are abundant, and ii:old, iron ores, lignite, concrete, 
anthracite are found in some (juantitios. The anthracite is sui)- 
posed to be formed by heat from lignite. 

The lands in this section are very fertile, and during the rainy 
season capable of pnxlucing lurge crops. On the elevated plains. 
2,500 to 3,500 feet above the Pacific, Ixorea coffea, Cinchoneaand 
other rubiaceous plants are found t^> perfection. 

The following is the approximate altitude of some volcanoes 

and lakes in this section. 

VoUKinoes, Lnkiis. 

Vi<;g(), G,H)0 feet. Managua, 143 feet (fresh water). 

Momotomba, 0,510 feet (smoking) Tiscapa, 170 feet, 

Caseguina, 3,800 feet. Nijapu, 108 fe<it (saline). 

Masaya, 3,800 feet. Giloa, 138 feet, 

Mombacho, 5,100 feet. Masaya, 415 feet (fresh). 

Ometapa, 5,800 feet (hot on top). Apoyo, 785 feet. *' 

Madera, 5.000 feet. Nicaragua, 120 ft. (sliglitly saline). 

None of the volcanoes are active at present. Momotomba emits 
, a little vapor, and is hot on top. Ometape is not cpiite cool on 
top, and a rough murmuring sound is heard at its base, becoming 
now almost inaudible from a very distinct and disagreeable, contiii-. 
uous, grating ifoise heard there for several months in the latter 
part of 1887. The water in the lake Nijapa is str<mgly impreg- 
nated with salts, so that a light, copious lather is formed on the 
heads of persons bathing there. The water of lake Nicaragua 

* Also at different depths from the surface are deposits like bods of 
glaeial drift, generally found, at intervals, from a few leagues northwest 
of lake Managua westward to the Pacific ocean. 
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contains a siiflic'uMit percontii'j^e of chlorides, etc.. to agree with 
the Scjiuilithe. whose teeth • are not so lance-shaped as are the 
marine species. The watxT in lake Mana^i^ua contains a mueli 
smallci' per <*cntuni of saline matter than lake Nicaragua, but men* 
than <louM(' the per centum of salts in the waters at the mouth of 
the river Viejo which empties into this lake. Large springs of 
boilinii: mineral waters arc founil in the valley near the western 
base of Minn(»t4>mba, also below the falls at Puebla Tipitapa, on 
the west side of the channel, also on the north side of San Juan 
river — all containing a large per cent of sulpliur, iron, magnesia 
and alkalies. Mud-floods ( 'aluvions" ) have occurred in this 
section, and sometimes the resulting stratitie<l formation resembles 
some of beds of the Tertiarv so closelv as to be very deceptive, 
and reijuire vrry careful examination to be distinguished. 

Second Section. 
This division adjoins and is northeastward from the last, and 
extiMids in a northeast directitm to a line from about lat. 18° 25' 
N. and long. RG^ 50 ' W. to about long. 80° 35 ' W. , thence to a very 
irregular, diag(mal, inclined line, to about lat. 11*^ 1^5' N. and 
lonir. 8*r 10' W. Its <2:eolot(ical formations are. 

1. Modern siibmor^iMl fon»<ts, pciats, clays, marls, cavos, etc. 
-'. C7i/f//ty*/ft/H tufas, moraines, clays, striated rocks, glacial boulder 
clays, drift, erratic rocks, etc. 

3. PUocvnc Hinty shingles, loams and laminated clays, lignites, etc. 

4. Mmrm: shelly sand, reddish brown, in oblnjue layers. Marly 
limestone, greenish, lignite, etc. 

.'). Eocene millstones, limestones and clay (marine) : marly limestones 
(fresh water), sandstones, etc. 

G. MeHozoir. Septaria beds, marly clays (blue), tlinty limestone, 
green sandstones, limestones (brackish-uater), clays, slates and con- 
glomerates, sandstones, sometimes i)ebbly. gypsnm. bituminous earths, 
eic. 

7. Permian. Magnt'siaii limestone, limy magnesian marble, etc. 

8. Carlmnifermis. Coal, millstone grit, siderite. Mountain lime- 
stone, shale.<, etc. 

In this section apatite, jet, opals, agates, onyx. g}'p.sum, talc, 
steatite, kaolinite. and baritc are fretpiently found, also petrifiotl 
bones of animals of apparently Tertiary and Mcsozoic eras, ; also 
bituminous coal in at least one place, but slightly disturbed. 

No volcanic crat^-rs, no lakes nor mineral spiings have been 
noticed in this section. Large areas exist in whieii are thickly- 
<leposited fragments of igneous rocks. 
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In this section are man}' large valleys 250 to 750 feet above the 
Paeitic ocean, some of them well watered, but the majprit}- not 
well watered. It also contains many forests of valuable trees. 
The averao:e temperature is about 22" Cent. The fact that this 
section adjoins the jrreat volcanic belt on the southwest, and the 
Archean area and Silurian formations without volcan(H»8 on the 
northeast, causes much perplexity- when examining about its mar- 
gins or limits and in describing it even in a general wa}* ; espec- 
ially to distinguish betwe<rn metamorphism occasioned by heat 
from volcanic sources, and that by heat developed on the attrition 
of particles from c<mtracti(m. 

Section Third. 
This section adjoins and lies to the northeast of section second, 
and is bounded on its northeastiM-n side by a line northeastwardly 
from al)out lat. 18° 25' N., and loner. S()° 40' W., to lat. 14° 42' 
N. , and long. 84° 4() ' W. , thence southeast ward ly to about lat. 
12° 40' N. and long. 84'' :50' W. 

1. Gneiss, graiiito, protogino, porphyry, slatos, crystallized limo- 
stones, and iron containing titanium, of Kozoic age, arc abundant in 
well defined areas in this section, especially about lat. 13** 37' N. and 
long. 8G° 32' W. In some ])laces, notably CerroLagoonita (a part of tho 
mesas de Toturnble) gneiss of Silurian era is found for miles in length, 
and over 0()0 feet nearly perpendicular. It is fractured (schistosod) in 
nearly vertical lines intersected at nearly right angles by other dividing 
planes that are often over 100 feet apart. Jn a few places these divisiou 
lines, where they intersect, have been expanded into caves which ex- 
lend 100 feet or more into the mountain. Bones of man and other ani- 
mals an^ sometimes found in these caves.* 

2. Dcixnikiriy red sandstones; coarse, gritty shales, spotted marls, 
ct<'., are found in and near th<' edges of this section. 

There are in this section a few deposits of kaolin, of an un- 
usuall}' pure kind; also veins (> to 12 inches wide of crysUdlized 
translucent quartz ; and in several places large masses of albite- 
porph^'ry, labradorite-porphyry, orthoclase and auorthite feld- 
spars ; and in many places argilhu'eous slates, cut by dikes and 
veins, the latter sometimes rich in gold, silver, lead, antimony 
and tin. Some of these lodes also contiiin uranium ores mixed 
with those of tin — others contain nickel. There are also several 
large deposits of hematite and limonite ; in some of the creeks arc 
found platinum and iridium. 



* In reference to bones and caves the Indians tell numerous mythical stories. 
Some of tiie crania of man are certainly very early neolithic, or earlier. 
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In several parts of this section are large elevated plains, and 
long, gradually sloping eerros, well watered and very fertile. 
These are from 1, 100 to 3,500 feet above the sea, and admirablj- 
qualified for the semi-annual production of large crops of wheat, 
barley, (»m, sugar, etc. 

None of the mountains exceed 5,000 feet above the Pacitie 
ocean. 2,000 to 4,000 feet are the usual limits of altitude. 
There are sevenil large mineral springs in this section, some boil- 
ing. No volcanoes nor evidences of seismic forces appear. The- 
avewige tempeniture of the air is about 20° Cent and the climate 
is delightful all the year. 

Section Fourth. 
This is a strip of territ^ny extending from north to south on 

the east of and adjoining section third, and extending eastward ta 
within alK)ut 100 miles of the Carriboan coast. Its geological 
history is similar to that described in Section second, but its 
formations have not been so much disturbed. Coal, iron ores and 
marble are in large deposits ; also, near its eastern edge, about 
the headwaters of the Princ Apulka river, arc found rich gold 
placers. The forest consists principall}- of mahogany'', c*e<lar. 
pine, walnut, hickory and of Cecropia, peltata, Siphonia elastiea. 
Moras and Cassalpinia echinatti. The temperature* averages about 
22° Cent. The soil is very fertile and watered b}^ numerous- 
creeks and rivers. This section is just west of the coast belt of 

frequent rains. 

Section Fifth 

Is a strip north to south on the Caribbean sea coast, a forma- 
tion of lagoons, deltas, swamps, and brackish-water estuaries, ex- 
cepting a narrow strip of sand along the sea c^ast. 

Mounds exist on this coast containing stone implements, flint 
arrow-heads, rough flint spear-l leads, and bones of man older than 
Spanish occupation. 

Managua^ Niearaffud^ Dec. IJf^ 1SS9. 



NEW LAMELLIBRANCHIATA. 

Hy E. O. Ulkich, Newport, Ky. 

No. 3. Descriptions of new species, with remarks on others. 

WHITELLA SOOFIBLDI Ulrich. 

The specimen below illustrated preserves the characters of the 
hinge in a very satisfactory manner. There are two sharp!}* de- 
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WhittUa tcoetidi Ulrich. THxAMaRicANGBOLoairr. Vol. VI, No. ». p. lao, IBOO. 




Fig. 16. WhltcUn KCiijUldl Ulr., Triinton shales, Cannon Falls, Minii.,. 
a, largo lelt valve, restored in thn posWro-voiilral rc^ioii. It Is poaslbkv 
that (he restored portion should be mori^ narrowly rounded, b, cardinal 
view ot same : i^. Interior of smiue to show dentition of hinge, and iu- 
ternal cartilage .lupport within the posterior half of hinge line. 

fin«l oblique teeth situatei,! about midniij' between the beak and 
anterior cxtremitj'. The mirrow dcpreasioii lietweou them re- 
ceives the anterior tooth of tlie right viitve, while the second t«oth 
of thnt valve miiBt hiive fitted into an elongate depression beneath 
and in front of tlie beak of t)ie left valve. A decided ridge-like 
thickening is to Ive oliserveil beneath the ixiatcrior third of the 
hinge line. It inereasca in strength postt'riorly, and, as inter- 
preted by me, served as a support to an internal ligament The 
escutclu'on or external ligamental ai-ea is very narrow, thongh 
(juite deep, and does not extend in front of the beaks. It is also 
finely striated longitudinally, a feature thnt probably pertains t« 
all the species of the genus. 

Of external featurra, the large umlwnes and the. tumid appear- 
ance of the shell in general, arc the most striking, and seem to 
indicate closer relationship to W. uHitij««hf I'lr. (Gkoi.oiiist, Sept. 
1890, ) then at first supiK)sed. Another pointin which W. scofidili 
approaches tliut species, and in which l.>oth differ from all the 
others, is found in the location of the i)ointo( greatest convexity, 
it being behind the miildle of the valve. In W. umhonatath^ 
p<>inl is higher up than in the present s|>ecies, it lieing almost ex- 
actly at the center of tlie valves in the latter. A more important 
difference is found in the escutcheon, which in the species iim- 
honata, ohUfualu. aleri;„ge,i»ix {'il. & W.), ftiWi' { Billings) and 
coinprtMa, f oims a wide channel extending the whole length of the 
hinge line, while in W. m-n/irliti. it is naiTOw and docs not extend 
anteriorly beyond the beaks. The nest described species ( W. 
a ) agrees with it in that respect. 
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Several years ago T received, with' a number of other fossils, an 
internal cast of a shell that probably belongs to this sjiecies. 
These fossils were collected at Beloit, AVis. . from the Buff lime- 
stone of the Trenton, and tlie cast in (luestion was labeled 
CifjnlrarditcH mnjnmhoims Whitfield. T do not think that it belongs 
to that species, the shell being more oblique, and the umbonal 
ridge more pronounced and angular, agnn^ing in these respects 
very closel}' with the scojiddi. Another specimen received at the 
same time agrees more nearly with the figures of the former 
(<reol. of Wis. Vol. n', PI. 5, figs. 7 and 8.) It is compara- 
tively less ventricose, but being much smaller than the figured 
specimen, it is possible that the difference is due to age. 

J^iit both these specimens are unquestionable Whitella and not 
Ci/pricardUes at all, and the question naturally arises, ma}' not 
Whitfield's species really belong to the same genus? I am al- 
most satisfied that it does, despite the fact that f^rof. Whitfield 
both describes and figures (loc. cit. fig. 7) his species as having 
*' two long, curved, posterior teeth." If his fig. 8, representing 
an antero-cardinal view of the same specimen, is reliable, and I 
Ijelieve it is, the impressions of the supposed posterior teeth can- 
not have been produced by teeth at till. When the valves are 
closed, as is shown to have been the case with his specimen, the 
teeth must necessarily interlock, else the}- would miss their pur- 
ix)se. In his figure, however, the impressions are widely separated. 

Now, that is just as it should be in a species of Whitella, like 
scojiddi or camjyrt'ssa. in which the posterior internal cartilage 
support is strongly developed. In the cast this leaves a long, 
narrow impression on each side of a ridge, representing the space 
originally occupied by the ligament. 

And there are other reasons that cause me to doubt the generic 
placement of species megamhomis. In the firet place the shell 
must have been thinner than in true Ct/jyricardites, and if^ithout 
that ridge-like internal thickening which leaves casts of species of 
that genus marked with a shallow groove running from the um- 
bones toward the iK>stero-ventral margin. Nor are the muscular 
impressions nearly so distinct as is usual in Cypricardltes and the 
beaks are enrolled in a fashion quite foreign to species of that 
genus. There is, furthermore a fullness and smoothness alK>ut 
the casts that is not equalled by those of any true Cypric.ardites 
known to me. On the other hand, the casts iigree in till resj^ecta 
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witli tlioso of spt^cies of \V hi fella and until it is proven that the 
8pe«.*ies really possesses posterior hinge Un^tli, 1 shall refer to it as 

"Whitella truncata n. sp. 






V\k. 17. WhiU'lht trunratn. ii. sp,, (luloiia Ihnostonc, Cannon Fulls, 
Minn, (t, left sidr j»f a lartr«» cast^ of tho inlrrior: /». antrro-crardinal 
vi«'\v of samo : c. ranlinal vit-w of sanu*. 

Shell small, very ohrujue. viMitrieose. subrhonihoiilal in a side 
view. lUMiks nenrly tt'nninal. prominent, of moderate size, ob- 
li([uely enrolled ; um)H>nes and nmbonal rid;j:e full, the latter an- 
<jular and traeeable lo the poster* >-basal an^rh*. Canlinal slope 
sharply defined, and distinctly eoncave: anteHor and basal slopes 
slightly convex and very rapid. Anterior end very short, scarcely 
proji'cting beyond the beaks, narrowly rounded, then sloping 
rapidiv backward ancl nnitiuir vcrv jrraduallv with the jrently curved 
basal marojin. Posterior end truncated. stniiirhtentMl. frjrming 
nearly a right angh* with the hinge line, nnd one of from 75' to 
Hi)' with the ventral edge. 

Kscut<.'heon narrow, not extending anterior to the beaks. In 
<'asts of the interior, the internal cartilage support leaves two nar- 
row impressions, one cm (»ach side of the i)osterior half of the 
hinge line. Dentition of hinge not obst»rve<l. Muscular scars 
very faint. 

I)imensions of a large ca.st of the interior: (ireatest hight, 13 
mm.: greatest convexity (near center of shell) IT) mm.: length 
from beaks to ]>ostero- basal angle, IH mm. : length frcmi an- 
terior extremity to upper portion of posterior margin IT) mm. 
In a small specimen only ti mm. high, the other dimensions 
iire in projXMlion. except that the convexity is <ompanilively less. 

This species is closely related to IT. .«//»////(//. but may be dis- 
tinguished by its smaller size, greater convexity, truncated iK>s- 
teri«)r end. shorter anterior end. and more pnmounced |)osteiv>-ven- 
tral :(ngh'. 

As-iociat4'd with tliis species. 1 found a cast of another species 
of this genus. renrnuUng one strongly of ir nhUqiintu V\v. It is, 
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however, not the same as that apecies, being smaller, more 
elongate, and with the postero-basal angle sharper. The impres- 
sions of the internal ligament supports are also much wider and 
stronger than in that species. I conclude therefore that it rep- 
resents a distinct species which might be called Whitella pracipta, 
n. sp. 

Position and Wality: Shaly Uyora of Iho Galena limeatone, asso- 
tiated with RcrcpUiciUitcn a,nd Bemlpronltc iimerUuinii Whitfield. 
^Tbitella Bubovata, n. ap. 




Fig. IS. WliU':1Hi aidMvatn, n. sp., Cinclnii group, Warnesvllla 
Ohio. (I. righl Bifle of a large oust ol the Interior: ii, profile of same; 
f rlfciit. siiti' of a. sllglitly disitortod, ainullcr i>xaropln of thia spciiifl^. 
from the (-(illiittioii of Mr. I. H. Harris, of Wayiiesvllle. 

Shell of modinm size, 8ulK>vate in outline, moderately oblique, 
and unusually compressed for this fienus. Beaks large, promi- 
nent, obliijuely incurved, situated ii little in fi'ont of the center of" 
the hinge line. Umlwnal ridge distinct alxive, but never a cod- 
8]iiciious feature of the shell. Cardinal slope narrow an<l faintly- 
concave ; the 1-cniainder of the surfact! gently con\cx, with point 
of greatest convexity alwve the center. Anterior end compara- 
tively wide and long, sharply rounded above, then sloping back- 
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'ward very gently and uniformly into tlie basal margin ; posterior 
«nd generally uniformly rounded, but occasionally the basal por- 
tion is a little produced. Kscut<:Leon or ligamentjtl area deep and 
wide, extending to tlie anterior extremity of the hinge. Internal 
Oyprioarditea grandia, n. Bp. 




Fig. 10. Cypricardltea grandfct, n. sp.. Galena horizon ot tlin Trenton 

froup, near Biirgin, Ky. «, right sWe of a perfect sholl of this sppcics; 
, anterior view of samp; c, Inti^rior of right valve as obtained from 
Suttu-percka impressions of cast:' ot the interior. 

ligament supiwrts not leaving any appreciable impreaaions on 
casts of the interior. Muscular scars and palHal line unusually 
-distinct. Surface with concentric lines of growtli. 

This siwcira resembles the Minnesota Trentou shales 8j>ecics, 
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W. cohtprcsxn^ rather closely, but is distinguisheil from it, as well 
as from all the othei*s of the genus, by the suboval outline. The 
Ciists are not nearly so vontrieose as those of W. ohh'qunta and 
umhfntiita, with which it is associated. 

Position and locality : Upper bnds of the Cincinnati group, at 
Waynosvillo. Ohio, and oth<'r lt)caliti«'S, 

Shell large. moderaU*ly ventricose, slightly obli<[ue, the outline 
subcircular. JJeaks small, projecting slightl}' above the hinge 
line, obli<iuely incurvi'd, almost incontiict; situat(^d about in the 
middle of the tmttnior half of the cardinal margin. UmlKmaJ 
ridge inconspicuous, the slope of the surface to the |x>stero-caixli- 
nal margin gradual and slightly concave, the slope to the basal 
and anterior margins very gent l}* convex; point of greatest con- 
vexitv a little al)ove the center of the shell. Anterior end longrer 
in front of the beaks than usual in tiiis genus, the margin nar- 
rowly rounded above, then with a very gentle and almost uniform 
downward and backwanl curve merging imperceptibly into the 
basal, and later into the postcTioi* margin. Anter(K*ardinal edge 
slightly produced ; likewise the poslero ventral, but in m(»st cases 
so gently as tx) be scarcely appreciable. Stn^face smooth, with 
fine concentric lines of growth. 

Ligamental area deep but appearing narmw in a cardinal view. 
As usual, it is finely striated longitudinally. Hinge plate strong, 
with three anterior teeth in the left, and four in the right valve. 
These teeth are short and abruptly curved down at their ixwterior 
ends, terminating with a knob-like projection. Tn the right valve 
the first and fourth are much smaller than the second and third ; 
the mid<lle tooth of the three in tlu* left valve is also much the 
largest. Posterior teeth longer, parallel, and slightly curved, 
three in the right valve and two in the left. Anterior and pos- 
terior niuscidar scars large, sitiiate<l just beneath the two sets of 
hinge teeth, the i>osti'rior one rather faintly impressed, the an- 
terior <leep. I^dlial line simple, only the anterior half shaipl3- de- 
fined, and often empha:=jized by a series of small pits. Inner side 
of shell with two low. subparallel ridges extending from the l)eak3 
twothirds the flistiuice to the postero-basal margin. The furrow 
between these :ippe:irs as a low ridge on casts of the interior. 
These often presifut another but much smaller ridge running down- 
ward from the inner margin of the anterior muscle scar. In easts 
the beaks are fialtened. very prominent, and not far apart. 
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This fine species is related to C. cauddcnais Billings, and 
C. ventricosus Ilall, particularly the former, but both those 
species are much more obli(iue and decidedly ovate inste:id of sub- 
circular. C. wortheni Ulrich, (111. Geol. 8urv. , Vol. 3, PI. 3, 
Fig. 9 ) is also very near, but is more ventricose and less oblique, 
and has the beaks (in easts of the interior) farther apart, indicating 
a more massive hinge plate. There is also one posti»rior tooth less 
in each valve of that species. 

Another close relation is found in the "Buff limestone* of the 
Trenton at Beloit, Wis. It wiis sent to me as (/. niota Hall, but 
is clearly not that specie.^, being of a more circular shape, and 
less ventricose, with the surface of the cjust also more evenlv 
convex. From (\ yrnnfUs it ditl'ers in having the beaks nearer 
the anterior extremity, and only two instead of three posterior 
hinge tc»etli. The latter are also more delicate, and the shell 
smaller. 

Position and locality: Tppor bods of the Trrnton lirnostono (CJalt'na 
horizon), on(* milo south of IJurpfln, Ky. It is also to bo found at llar- 
rodsburg and othor localitios, but good spooimons aro raro. 
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A Gcolotjk'dl Rcrtniimismnrc in snuthirfstpni Kitnsds. Hy JionKjjT 
Hay. pp.40; with 3 platos, and :^1 figurosin tho toxt. (Bulletin <>f tho 
U. S. Gool. Survoy, No. ."iT, 1890.) A goologio map of tho souihwost 
part of Kansas, including tho region about Wichita and wostward, 
crossed by the Arkansas rivor, forms tho frontispioco of this n»port 
and numerous sections an; given in tho second plate and in tho text. 
Tho bod-rocks are Carboniferous shales and limestone, at Wichita and 
eastward; unfossiliferous , I ura-Trias shales, clays, limestone and sand- 
stone, mainly red, estimated .'i.'iO foot in total thickness, well developed 
southwest of Wichita and on the Cimarron river: tlie Cretaceous Si-ries, 
of which the Dakota, Fort Honton, and Niobrara formations aro recog- 
nized, extending from WMchila west along the Arkansas to the- 100th 
meridian; and Tertiary grit and marl, apparently tho representative's 
of the Loup Fork and K(iuus bods of Cope, occupying most of the 
southwestern quarter of Kansas. 

In tho upper part of tho Jura-Trias is found a noteworthy bed of 
white gypsum, 12 to !."> feet thick; and beneath tho pn»vailingly red 
bods of this series, borings pass through some 370 feet of gray shales, 
enclosing in their low(»r part several layers of rock-salt from 2 to 11 feet 
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In thickness, as described by Mr. Hay in the Gkolooist, February* 1890. 
Tlio saliferous beds are referred provisionally to the Triassic system, 
giving to the Jura-Trias, with this addition, a thickness of more than 
1,000 feet in the southern part of tliis state. 

The Quaternary deposits noted in this reconnaissance are five, denom- 
inated, in ascending order, gumbo, earlier gravel, loess, later gravel, 
and alluvium. 

(hi some RchatUitut Jietweeti the Oeology of Eastern Maine and New 
Brunrnvkk. By L. W. Bailey. [ Transactions of the Royal Society 
of Canada for the year 1889, Vol. VII (Montreal, 1890) sec. IV, pp. 
57-69.] Professor Bailey first gives a general review of the more im- 
portant papers describing the geology of this region. A remarkable 
fact is noticed, which was early recognized by Billings and lat«r has 
been considered by Sir Wm. Dawson, that features are presented by 
many of the fossiliferous horizons of the East which are very different 
from those of the mor<* westerly portions of the continent, and show a 
nearer relationship with those of Europe. The rocks of Deer Island 
and Campo Bello, which professor Shaler compared with the Cambrian 
rocks about Cambridge and Boston, are still regarded as Pre-Cambrian 
and probably Hurouian. The Perry group, the flora of which has been 
so well described by Dawson, is considered to be true Devonian and is 
said to most nearly resemble the Catskill of New York. It will be 
remembered that on the maps of the Canadian survey this group was 
colored as Lower Carboniferous and defined by Ilailey and Matthew as 
** a group of beds lying at or near the base of the Lower Carboniferous 
series, and characterized by an Upper Devonian flora.** ( Geol. Surv. 
Canada. Rep't. of Progress for 1870-'71, p. 200). As a result of the 
explorations in northern Maine it is shown that large tracts, which had 
been represent^^d on the maps of Maine as Devonian, are really Silurian. 
There are, however, localities in the northern part of the state at 
which Oriskany fossils have been collected. 

This valuable paper of professor Bailey suggests the desirability of a 
fiold examination of the Perry group by a geologist who is thoroughly 
familiar with the typical Catskill of New York and Pennsylvania. 
What might be regarded as a commencement in this work was made by 
the U. S. Geological Survey in the summer of 1889 when an assistant 
was sent into northern Maine, under the direction of Prof. ^. 8. 
Williams, for the purpose of collecting from the so-called Devonian of 
that region. 

Tfic Olaelul BttuncUiry in Western Pcnnsylimnia, Ohio, Kentticky, 
IndUiiia, and IllUwls, By GEonciE Frederick Wright. With an 
introduction by T. C. Ciiamberlin. pp. 112; plates 8; figures 10. 
( Bulletin of the V. S. (Icol. Survey, No. 58, 1890). Professor Wright 
here rei)orts his detailed exploration of the extreme limits of the glacial 
drift from Pennsylvania to the Mississippi river. Morainic accumula- 
tions are not generally developed along this margin of the earlier drift, 
which is thus remarkably contrasted with the boundary of the later 
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drift, belonging to the second glacial epoch, found in the Mississippi 
basin scores of miles and in part two hundred miles or more to the 
north. The hypothesis of a glacial dam across the Ohio at Cincinnati, 
which Prof. Wright had previously presented befofe the American 
Association and in his " Ice Ago in North America," is here more fully 
considered ; but President Chamberlin holds that if such an ice-dam 
at any time ponded back the water of the Ohio, it was only for brief 
times, being comparable with ice-gorges of recent spring floods, though 
on a much grander scale. The terraces of the Ohio seem chiarly 
referable to fluvial action, having slopes of descent much like the pres- 
ent river ; excepting certain slender horizontal terraces that hav*^ been 
noted by Mr. McGee, and perhaps others reported by Prof. I. C. White, 
which may be due to tlie obstruction of the valley at Cincinnati by the 
ice-sheet during its stage of maximum advance. 
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and the address of the retiring president ( Richard Pearce ) on the Par- 
agenesis of the gold-bearing ores. 

Contributions to the Tertiary fauna of Florida, with special reference 
to the Miocene silex-beds of Tampa, and the Pliocene beds of the Cal- 
oosahatchie river, W. H. Dall, (vol. iii, of the Trans, of the Wagner 
Free Institute, Philadelphia). 

3. Papers in Scientific. Jounuils. 

The Ottawa Naturalist, Sept., 1890, Serpentines of Canada, N. Jiroux; 
OcL; Ideas on the beginning of life, J. Ballantyne. 

Bulletin of the American Geographical Society, vol. xxii. No. 3, Sept., 
1890, contains: Canada, the land of waterways, Watson Griffin; Modern 
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Iceland, C. S. Smith ; Some notes on the upper Amazon, Court^nay De 
Kalb. 

The American Antiquarian, Sept. contains : The dlflfcreuce between 
Indian and Mound-builders' relics, Stephen D. Peet ; Symbolism among^ 
the dolmens and standing: stones of France, A. S. Packard. 

American Naturalist, Sept. No., Newly discovered f^lacial phenomena 
in the Beaver valley, P. Max Foshay and R. R. Rice. 

Proceedings of the Can. Institute, Toronto, Aprils 1890. Geology of 
the northwest of Lake Su|)erior, Arthur Harvey ; Kamanistiquia silver- 
bearing belt, Herbert R. Wood. 

Am. Jour. Sci., Aug, No. : Curious occurrence of vivianite, W. L. 
Dudley ; Classification of the glacial sediments of Maine, Geo. II. Stone: 
Some Lower Silurian grapU)lites from northern Maine. W. W. Dodge ; 
Siderite basins of the Hudson River epoch. James P. Kimball ; Two 
new meteorite irons, F. P. Venable ; Notice of some extinct testudinata, 
O. C. Marsh, i^cpt. : Rocky Mountain protaxis, and the Post-Cretaceous 
mountain-making along its course, J. D. Dana; Chalcopyrite crystals 
from the French Creek iron mines, Chester Co., Pa., L. S. Penlield; 
Koninckina and related genera, C. E. Beecher ; Notice of two new iron 
meteorites from Hamilton county, Texas, E. E. Howell; The Cretaceous 
of Manitoba, J. B. Tyrrell ; On mordenite, L. V. Pirsson ; Geology of 
Mon Jjouis island. Mobile bay, D. W. Langdo ; On Leptsenisca, a new 
genus of brachiopod from the Lower Helderberg group, Chas. E. 
Beecher : North American species of Strophalosia, Chas. E. Beecher ; 
Notes on the Microscopic structure of oolite, with analyses, E. H. Bar- 
bour and Joseph Torrey, Jr. 

4. Ex^ierpt^ and individual puhW^ttUnu<. 
The crystalline structure of the Coahuila irons, Oliver W. Hunting:- 
ivsvi/.i ton, Proc. Am. Acad. Arts and Sciences (N. S.), vol. xvi, p. 30. 

Jf'^J';.., -^ .;" Eruptive rocks from ^lontana, Waldemar Lindgren, Proc. Gal. Acad. 

Sci. series :i, vol. lu. 

Notes on the geology and petrography of Baja, California, Mexico. 
Waldemar Lindgn^n. Proc. Cal. Acad. Sci. series 2, vol. iii. 

Bibliography of North American Paleontology for 1886. Jolin Bel- 
knap Marcou. From the Smithsonian n'port for 1880-87. 

Artesian wells, Atlantic City, N. J., Lewis Woolman. From tho 
annual n-port of the state geologist. 1889. 

Geology of artesian wells at Atlantic City. N. J., Lewis Woolman, 
Proc. Acad. Nat. Sci. I'hil. Mar. 2r>, 1890. 

The Calciocrinidic, a revision of the family, with descriptions of S4>iue 
new >p4'cies. Eugene N. S. Ringueberg, M. D., Annals N. Y. Acud. 
Sci., vol. iv, 1889. 

The Crinoidea of the Lower Niagara limestone at Lockport, N.* Y., 
with new >pc(!ies. T^ugcMie \. S. Ringueberg. Annals N. Y. Acad. 8oi. 
Jul v. 1S90. 

A brief (lescriptioiiof the Cretaceous ro<*ks uf Texas and their oco- 
nomii' value. RoIxti. T. Hill. From iIm? First, annual report of the Texas 
Geolof-'ical survey. 
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Elect ro-chomical Analysis, Edgar F. Smith, IC mo., pp. 110, P. IJlak- 
iston. Son and Co., Philad<?lphia. 

Tho iKTsistcnc(* of plant and animal life under ehanjring conditions of* 
environment. Porsifor Frazer, The American Naturalist, .Tune, 1S80. 

On variation, with special reference to certain paleozoic genera, Jos. 
F. James, The American Naturalist, December, 1880. 

On the geology and physiograghy of a portion of northwestern Colo- 
rado and adjacent parts of I'tah and Wyoming, (.'. A. \Vhit«». Ninth an- 
nual rei>ort of the director. T. S. (leol. Sur. 

Some metainorplujsed cruptives in the crystallint" rocks of Maryland, 
Wm. H. Ilobbs, (Trans. Wis. Acad. Sci., Arts and Li^tters. vol. viii, pp. 
155-159). 

Some Ontario magnetites, T. D. Ledyard. (Trans. Am. Inst. Min. 
Eng.). 

A summary of progress in mineralogy and petrography in 18^1», W. S. 
Bailey (From monthly notes in the .Vmerican Naturalist). 

The first oil well, the birth of a great industry, J. S. Newberry. (Har- 
per's Magazine, Oct., ISIMO. 

Discovery of fossils in the limestones of Frederick county, Md., 
Charles K. Keyes (.lohns Hopkins Tniversity circulars. No. S3). 

Dost'ription of n(;w meteorites, by E. E. Howell, ( Proc. R(M»hester 
Aciul. Science, vol. i ). The meteorites describe<l are Welland, Hamil- 
ton, Puquois. T)e('«»wsville, Dona Inez and Llano del Inta, El Chanara- 
lino. La Primitiva and Calderllla. 

Barometric observations among the high volcanoes of Mexico, with a 
consideration of the culminating point of the North American conti- 
nent, A. Ileilprin, { Proc. Acad. Nat. Sci. Phil., Oct., 1890). 

On Syringothcris, Winchell, and its American species, Charles Schu- 
chcrt, (Ninth annual Report N. Y. state geologist, 1890). 

List of specieij of the American paleozoic Orthis, Spirifera, Spiriferina 
and Syringothcris, Chas. Schuchert, (Ninth annual Rep. N. Y. state 
geologist ). • 

Notes on the serpentinous rocks of Essex county, N. Y.. from aque- 
duct shaft 2(), New York City, and from near Easton, Penn., Geo. P. 
Merrill (Proc. U.S. Nat. Museum, vol. .xii, pp. 595-000). 

On certain Mesozolc fossils from the islands of St. Paul's and St. 
Peter's in the straits of Magellan. C. A. White, ( Proc. U. S. Nat. Mus. 
vol. xiii, pp. 13-14). 

Description of new forms uf Cpper Cambrian fossils, C. D. Walcott, 
(Proc. U. S. Nat. ^lus. vol. xiii, pp. 2G<>-1»79). 

5. Forrujn puhlimtions, 

Faune <lu calcaire D'Erbray (Loire inferieure). Par Ciiaki.ks BAUKors. 
Contribution i\ retude du t(Train Devonien do I'ouest de la F'rance. 
Mem. Soc. gci»l. du Nord. Tome troisieme, 1S89. 

(¥eoh>gische I'ntersiu'huuffen am Westabhange des Urals. Von A. 
K.KKSNOPoi.sKY imit 2 Tall. u. 15 Holzsch. im Texte). Mem. du Comite 
geologi(iue, St. Petersburg, Ho., 5*-'2 pp. 
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T)io gcol. Erforach. des aiif d. 48-9tcn Blatt dor allgcmeincn goolog- 
iscluMi Karto Kussland's dargostelltcu Oobiotos. Krystallinische Gos- 
,iolrio. Das KreidosysU^m. Das U^rtiaresystom. Pliooan. Das post- 
tortiaresystem. Mem. d. Comity Geol. Riisslands, 4 to. 203 pp. 

The twenty-seventh volume of the Oberhess. Gescll. f. Natiir und 
llc'ilkunde contains the following geological papers: Neue Fundo von 
Minoralien, Gesteinen und Versteinerungen aus dorUmgegeud vonGlcs- 
Rcn, A. SriiKNO ; Ueber don Melanqphlogit, A. Streno ; Eine neue Lima- 
tula aus dem Oligocan des Mainzer Beckons, G. Greim; Ueber eino 
fMgcnthQmliche Saulenbildung ini Tagebau des Braunsteinlx^rgwerks iu 
der Lindener Mark, J. Uiii. ; Ueber Rcgentropfenspuren ebendaselbst, 
J. Uiii.. 

Annales de la s^ociete gcologique du Nord, tome xvi, 188-80, contains : 
Observations sur la constitution geologicjue de Tonest do la Bretagne 
(III). Chas. Barrels ; Les depots phosphate's de Montay et de Forest, 
J. Ladrlere ; Gr^s dit Porphyre de Gognies-chaussoe, Ij. Gayeux ; 
Levons sur les gites de Phosphate de chaux du Nord d(; la France, M. 
(losselet; Le bassin houiller de Valenciennes d*apres les travaiix de 
MM. A. Obry et R. Zeiller, Ch. Barrels ; L' Age des Sables de Corfoutaincs 
et de Rousies, L. Cayeux ; Sur la presence de Trilobitesdans lesschistes 
rougos-lie-<ie-vln des environs de Rennes, Bczier: L' Ardenne, J. Gos- 
selet ; Lea crustac^is dcvoniens de Y etat de New York, d' aprcs M. 
James Hall, Ch. Barrels; Sur le Panisclien du Mont-des-irhats, A. Bous- 
saniaer ; Le Faune du Tun, extension en ^'paisscur de la zone & Micras- 
ter breviporus, L. Cayeux ; Note sur V existence du terrain devonien 
su])crieur ii Rostellec, Ch. Barrois; CnHace de Chercq prcs Tournay, L. 
Cayeux : Nature et origine des phosphates de chaux par R. A. R. Pen- 
rose, L. Cayeux . Coupe prise il Arqu(;s, Achille Six; Lemons ^16men- 
taires sur la geologic du Department du Nord, J. Gosselet; Sur la 
Ciplyte, J. Ortlieb; Description g^'ologique du canton d" Avesnes-Nord, 
L. Cayeux ; \h\ cas de stratification entrecroissi'^e des Unions {k Cysoing, 
L. Cayeux ; Structure de la bande de Calcaire carbonift^re deTaisnit^res- 
sur-IIelpe, L. Cayeux. 

Contribution k Tetude des roches metamorphiques et^ruptivesde TAr- 
iege, A. Laeroix ; Sur les enclaves acides des roches volcaniques de 
r Auvergne, A. Laeroix, (Bui. d. services. Carte G<^ol. de France, No. 
11, tome II, Avril, 1800). 

Annales geologiques do la p6ninsule Balkanique (dirig^^es par J. M. 
Zujovic), tome II, contains the following in French and German : Note 
sur la meteorite de Jelica, tombt»e 10 Novembre ( 1 Decembre ) 1889, 
J. M. Zujovic ; Die Mediterranstufe von Rakovica, P. S. Pavolic; Les 
lampophyres de Serbie, J. M. Zujovic : Les roches eruptives aux envi- 
rons de Sophia, Milos St. Dinic ; Analyses des eaux (par Sima Lozianic) 
et de quehiues min^raux de Serbie (par M. Biargojevic). 

Eclogie Keologicic Helvetia?, vol II, No. 1, contains : Geologischen 
Mittheilungen aus der Umbebung von Lugano, C. Schmidt u. G. Stein- 
maiin ; Ueber ein zweites VorkomeTien von dichtem Vesuvian in dem 
Schweitzeralpen, C. Schmidt. 
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Foldtaiil Kozlony, dor ungariscben geologischcn Oesclls<'hafl, Bd. xx, 
5-7 heft, contains, in the supplement: Spuren dos. llflhlenbaren (Ursus 
spelaeus Blum. ) in ITngarn, G. Primics : Dioksonia punctata Stbg. sp. 
in der fossilen Flora Ungarns, M. Staub : 

Mittheilungen d<'S Vereins fur Erdkunde zu Leipzic, 1889, contains: 
Physikaliscbe und geologischc Verhaltnisse des Chiemsees, E. Bay- 
berger ; Stabsarzt Dr. Ludwig Wolf, Friedrich Ratzel, with a portrait ; 

Bulletins du comit('* gcologiiiue, St. Petersbourg, vol. viii, Nos. 9-10, 
contains : R('»cherches microscopiqucs sur les roclios et minerais du gise- 
ment Sawodinskole (Altai), Mikloucho-Maclay. Vol. Ix, Nos. 2-3, con- 
tains: Note sur le calcaire Carbonifcre du bassin de Moscou, S. Nikitin. 
Vol. ix. No. 5, contains : Not^* sur Ics gisements des minerais (\k\ fcr 
dans le district de Berdimsk du government do Tauride, N. Sokolov. 
Bibliothcque gcologique de la Russie, 1889, Supplement to vol. ix. 

Neuere Broitriige zur Epigraphiedesdacisclien Erzgebirges und Berg- 
baues, 0. Teglas. 

Mittheilungen d(T naturforschendon G«>sellschaft in Bern, aus dcm 
Jahre 1889, contains: Loss und lossahnliche Bildungen in der Schwolz, 
Fr. Jenny : Uober den Hautschild eincs Uochen aus der mariufu Mo- 
lasse, xV. Baltzer : 

Transactions of the p]dinburgh G(K)logicaI Society, vol. vi. Part i, con- 
tains: Darwin's g(»ological work, Ralph Richardson; Th«' classilicatiou. 
distribution, orij^in and evolution of the normal micas, Alexander John- 
stone ; Note on the supposed high-level shell beds in Easter Ross, ITugh 
Miller; On the succession of the Lower Carboniferous scries to the 
West of Edinburgh, with special reference to the district around Cra- 
mond, John Henderson ; An old man and woman, or Human bones in a 
Scrobicularia bed at Newton Abbot, Devonshire, William Pengelly : Im- 
provem(Mits in the methods of determining the <'omposition of Minerals 
by blowpipe analysis, Alexander Johnstone; Recent progress in paleon- 
tology as regards invertebrate animals, IL A. Nicholson. 

On composite spherulites in obsidian, from Hot Springs near Little 
lake, California, Frank Rut ley ((^uart. .four. Geol. Soc. vol. xlvi. Aug.. 
1800). 

Class-book of Geolo^^y, Areh. (jfeikie, 'Jnd edition, l2nM>, 404 pp. Mc- 
millan «fe Co., London and New York. 

Reports of geological explorations during the years lHSS-9 (New Zea- 
land), Wellington, 1S90. James Hector, director. Besides the report 
of progress by the director, there are hMigtliy reports by A. McKay 
and J. Park. Large 0(.'tavo, numerous illustrations and maps. 

6*. Sch:ntltl(: Ldhnnit.nrits ami Mnscmns. 

Bulletin of the scientilic laborat(U'ies of Denisoii I'niversity. vol. v. 
contains: The Waverly gnuip, W. F. Cooper : Tabulated list of fossiN 
known to occur in the Waverly group of Ohio, W. F. Cooper. 

Bulletin of the American Museum of Natural llisun^y, vol. iii.. No. 
1, contains: The Calciferous formation in the ChamplaiM valley, Brain- 
erd and Seely : Observations on the fauna of the rocks at Fort Cassin. 
Vermont, with d(.*script ions of a few new species: Observations on a 
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fossil fish from the Kocono bods of Wyoming, R. P. Whitfield ; Descrip- 
tion of a now genus of inarticulate brachiopodous shell, R. P. Whitfield. 

Bulletin from the laboratories of natural liistory of the state univer- 
sity of Iowa, contains the conclusion of the paper by B. Shimek on the 
Loess and its fossils. 

Bulletin of the Mus. Comp. Zool., Cambridge, vol. xvl.. No. 9, On 
keratophyre from Marblehead nock, Mass., John H. Sears. 



CORRESPOI^'DENCE. 



Pleistocene Submeuoexce of the IsTiiMrs or Panama. Since the 
printing of my article in this number, I have found the original report 
of Dr. G. A. Maack, which forms pages ir)5-17r> of Reports of Explora- 
tions for a Ship Canal, Isthmus of Darien, Navy Department, Wash- 
ington, 1874. This strongly confirms my suggestion that at least the 
lower pans of the isthmus were probably submerged during the Glacial 
p<»riod ; for the fossils collected by Dr. Maack are described by him as 
*' still living in the sea," and "all living up t<j the present time,'' show- 
ing the formation to be of PleistO(?ene age. He does not, however, use 
this designation, nor yet the term Pliocene, which is applied to these 
fossils by another writer In Harper's Magazine: instead of which. Dr. 
Maack refers tllem to "the later Tertiary formation,*' and "the latest 
Tertiary dei)osit," remarking that it "was covered by the sea compara- 
tively a short time ago.'' "This Tertiary formation seems to have a 
vast (jxtent and to spread over the dividing ridge " [between the Tuyra 
and Atrato rivers, tributary respectively to th^ Pacific and the Atlantic], 
•' the lowest elevation of which was found to be 763 feet." It api>ears 
therefore almost certain that much of this isthmus was submerged in 
the Pleistocene |>eriod, wliich included tlie Ice Age of glaciated countries. 
The i^^rt of the warm equatorial current which now passes northward 
from the Caribbean sea and Gulf of Mexico was then permitted to con- 
tinue westward into the Pacific : and this change in the oceanic circula- 
tion may have b<'en largely elhcient, in I'onjunction with high conti- 
nental elevation, to bring about the elimatic conditions of the Ice Age. 

SnmcrvUh'j Nov. 12, ISffO. Wahhex ITpiia.m. 

Sti'DIES ox MoxTiruLipoiiA. In the August number of the Geolo- 
4iisT there appeared an article under tlie al>ov<» title by Dr. C. Rominger. 
TIh' writer reviews tlie labors of Dr. II.. A. Nicholson and Mr. E. O. Ul- 
rich upon tho Montiruliporida? and gives observations and conclusions 
of his own corroborating or contradicting those of these authors. On 
the whole the doctor seems well satisfied with tlu' work of Nicholson, 
whih^ that of Mr Ulrich gave liim a "prostrating giddiness," to use his 
*)wn (•xpression, from whicli he does not seem to have entirely recovered 
when he wrotc^ the article in question. Mr. Ulrich has but carried out 
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to a legitimate conclusion the mothofl of Dr. Nicholson and why cannot 
Rominger follow unless it is that he is timid about venturing away from 
his ancient land marks. On a previous occasion Mr. Joseph James 
(vWc' Journal of the Cincinnati Society of Natural History, vol. x. p. 
118 et seq.) found fault with Mr. L'lrich's subdividing so extensively 
the genus Monticulipora and giving each division a generic rank, 
deeming it a useless cumbering of nomenclature, and productive of 
«ndl(;ss confusion in the study of a confessedly dithcult group of fossils. 

These attacks on the new laethod of dealing with the monticuliporo- 
ids and other palcD/.oic Hryozoa. could be suffered to pass unnoticed, 
were it not that the host of onlookers might think Mr. Ulrich stood 
alone in the contlict. It Is not so, Mr. Aug. F. P'oenste and Mr. A. H. 
Foord have used this method of work in their labors on the liryozoa. 
The new method will prevail. It is but the outcome of a more correct 
understanding of nature and her ways of working. And the periodical 
objections of those use<l to the old ways and unable to catch the spirit 
of the iK'w, arc to be expected and arc as harmless to real progress as 
youth's first lov(» to his eventual well being. 

That the external charact<»rs of the monticuliporolds are insufllicient 
for classification and produ<-e art! (icial assemblages no longer needs i)roof. 
Those who bast? their classification upon internal charact<»rs and struct- 
ure do not neglect the external features nor hesitate to make use 
of them whenever possible. Often external characters are correlated 
with internal but not always. That Dr. Kominger has failed to grasp 
Mr. Ulrich's genera should not induce him to liastily charge tlie failure 
to the gi'uera. It may be due to his own lack of perceptive powers. 
And that the effort should have pruiuced in him a "dreadful agony 
near to fainting" lU'ouses one's pity. 

We may notice more in detail some of Dr. Kominger's statements. 
He speaks of "trifling nKwlilications." This seems a clear case of try- 
ing to belittle points of difT<»n'nce. What is it that makes a modification 
*nrif1ing?" Who shall say that the presence or absence of acantho- 
pores (spinlform corallitcs of Rominger) does not betoken some differ- 
ence and perhaps a great one. in the anatomical structure. The view 
advanced by Dr. Uominger t^> explain the origin of the spiniform coral- 
lites, for which Nicholson and Foord have proposed the term acantho- 
jM)res, seems to me entirely unsupported by the evidence he offers. 
The majority of observers have considered thes«^ to be tubuh»s, which in 
some cases tlie doctor admits ; but he says the center is not well defined 
and sr> thinks they were not regular tubules tenant«'d by peculiarly 
modified zooids, as Dr. Nicholson conjectures, or vibracula as Mr. LM- 
rich suppos<»s, but were formed i)y a superabundance of schlerenchyma 
in certain parts of the wall tissue; basing this view upon the manner 
In which the walls are fornuKi of layers projecting obliquely upward and 
outward. \\v argues that if they were tubules in structure, they should 
have Ikmmi <'onstruct<jd in the same manner as the others. But 
why? It would seem a reasonable supposition that the tubule. If the 
liome of an aiipendage of the nature of a vibra<'ulum, as is probable, 
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would as tlie zoarium grew need to keep ii(?ar the surfafM* and tlie tubule 
would be gradually abandoned behind it and filled up; and thus the 
originally hollow part not be sharply defined. If "the spinules are an 
integrant part of the ordinary tube-walls, whose margins by exuberance 
• in see-retion of shell matter, form nodular prominences in certain spots 
of their circumferences, which, amalgamating with similar prominences 
of adjoining tube-walls, constitute the spinules," why does it happen 
that such apparently purposeless exuberant secretion of adjoining walls 
always happens at the same place so as to form a tubule. I cannot see 
either liow these tubules would always be so regular in form and con- 
stant in position and numbers as observation proves them to be. 

Sections show, so far as tlie nature of preservation will permit, that 
acaiitho|M)res an* built up in the same manner as the zocpcia, /•. r., of 
laminar inv<?rted cone-shaped layers. Furthermore Nicholson has 
shown diaphragms in the acanihopores of Batostonu'lla gracilis James 
(Genus Monticulipora, p. 120, fig 20E.), and Mr. Tlrich has observed 
them in other forms. Waagen and Wentzel consider the acanthopores 
as merely young tubules. 

The doctor states that *'ln parts of one and the same specimen spin- 
ules are often abundantly developed, while in other parts of the surface 
they are entirely missing or only thinly scattered,'* and regards tin's as 
a satisfactory indication that their functional importance cannot be 
very gr(;at. His observation is correct. Some specimens show them 
over part of the surface and missing on other parts. But this is due to 
a peculiar state of pr<\'*ervation or fossilization. Tangential secrtions 
invariably prove that originally the specimen hiwl the spines equally de- 
veloped on all parts of the surface. The acantho]>ores are there 
though th<i surface projections are gone ; hundred of sections of spinu- 
lose forms demonstrate their constancy and stability : hence the pres- 
ence or absence of acanthoiwn^s is a character of good dassificatory 
value. 

In the main Dr. Kominger approves of Prof. Nicholson's making sub- 
divisions of the genus but considers the lines very artificially drawn. 
Apparently he objects to raising the divisions to the rank of genera. 
But what diffen'iKM? does it make whether we call a division a subgenus 
or genus. Each is but an assemblage of species having certain points 
in common. And certainly a binomial nomenclature is preferable to a 
trinomial one. A irenus is not an entity nor is there such a thing in na- 
ture. It is but a convention adopti'd for the easier understanding and 
discussion of nature. Wlicn Mr. Ulrich, re<*ognizing the incongruity of 
Prof. Nicholson's assemblages, forms genera based upon the aggrei;at<% 
of characters and atiem|»ts with success to bring togi.'ther species whos(> 
fi'atures indicate a natural relationship, the doctor suddenly loses faith 
in the method. 

In SfKfaking of Dekayia the doctor hohls that **a distinction of forms 
with large and more distant si)inules from those with smaller ones is as 
.vaguer as the ditlerence betwi'en large and small, without a defined 
standard of magnitude for comparison." This is disingenuoiis. There 
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is no difticiilty whatever in distiiiguisliing the largo acaiitlioi)ores of 
D<?l{ayia from thf» smaller ones of other montieuliporoids and that too 
"without a defined standard of magnitude/' But were this so, the 
genus Dekayia is not based on this feature alone but upon others also^ 

Diplotrypa and Prasopora our author would throw together because 
by making incomplete vesicular diaphragms (cystiphragms) occur in 
Diplotrypa and complete diaphragms in some of the tubes of Prasopora, 
he can find no essential point of difference. 15ut his observation, if 
ever he has made any on thesf^ genera, is wrong. Every specimen of 
Prasopora always has cystiphragms and no specimen of Diplotrypa <'ver 
' has them. \i his sections of Prasopora sometimes show straiglit dia- 
phragms in tlM' zoo'cia, this is due to the manner in which the section is 
made. Th<i cystiphragms form a continuous row lining one side of the 
zoaM'ial cavity. A longitudinal section through th<^ zoa'cial chamber in 
one direc'tion cuts all the cystiphragms; ma<le at right angh^s it cuts 
none of them but does cut the diaphragms which an? also found in tin; zo- 
o'cial chamber. TIence the doctor has hastily concluded that such tubes 
contain no «ystii)hragms. Other <litTerenc«'s between the genera might be 
pointed out, but 1 have no <lesin' to write a tr<»atis(^ on the subject her<'. 
By a similar process of minimizing and overlooking differences, the doc- 
tor would discard Peronopora. 

When Mr. Ulrit-h in defining the genus Atactoi)orella sums tip the 
characters distinguishing it from Atactopora, and uses the phrase 
"these are all good generic characters," he is not seeking consolation 
for establishing a new genus, but is showing how per force a new genus 
must be (established. The summary which Dr. Kominger gives of Mr. 
ririch's genera is garbled and hypercriti(?al and to th<\ highest <le;rree 
unjust. If Lioclema does not belong to the inonTicuIiporoids, where 
will the doctor put it? There is no qui^stioning its n^lation to l{at^)sio- 
mella. 

If the doctor were seriously called upon to d«.'al with the UriO described 
species, besides an additional host of forms known but as yet unde- 
scribed, all of which from his standpoint would have to be i)laced under 
Monticulipora, would he n**t be v<'ry apt to split up the genus? And if 
so, would he call the groups genera or subg(»neraV) It is strange that irx 
every Instance when; it is likely that h<? has had an o[)portuniiy to 
fully study certain types, his conclusions approxinuite those of Mr. l.'l- 
rich ; for instance, Callopora, Fistulipora. Lioclema, Stenopora, all of 
which he accepts and s«'ems inclim'd to magnify their distinctness. If 
he had sutliciently ami)le material and the wish and energy to suV)Jert it 
to full investigation, would he not out-Vlrich I'lrich hims<'lf. 

And finally this ought to b<' said that Dr. Ilominger ought to havt^ 
been fair enough to have wait<'d before passing sentence of t.'ondemna- 
tion until the result of Mr. ririch's mature studies should appear in 
volume viii. of the Geologi<'al Surv<«y of Illinois, a ])erusal of whieh 
may have the effect of considerably modifying his views. 

SiHtrt4t, III., Srpt, '</:;, I8h0. .1. M. Nkklk>. 
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Data koi: the Df.tkhmixation of Eautii Movements. As 1 was 
atone timo coiinecU'd with the Ponsylvaiiiiia railroad, 1 am well ac- 
quainted with th«» aeiMirate methods of their engineering corps, and the 
statement in one of our paptirs, during the last year, tiiat some of the 
corps wer<; verifying th<* accuracy of certain bench marks, that wore 
supposed to be Inaccurate', made me tliink that it would not be a bad 
idea for our Unit<'d States (it^ologlcal Survey to obtain copies of the 
bench marks of the dozen, or more, trunk liner> that cross the moun- 
tains of the Atlantic and Paciiic borders, with the dates of survey by 
which they were established. If we study earth movements near the 
sea, we have a datum line for ready reference. A i^ersistence in a 
variation in the bench marks of a delinite region, that are connected 
with tide, will indicate an earth movement with great accuracy, and a 
careful collation of the records of the various level surveys of the rail- 
roads noted will, in time, furnish data for a complete discussion of the 
question. Yours truly, 

Edward H. Williams, Jr. 

Lvh[{ih UnivcrHity, Bethlehem, Pa., Nov. 13, ISfiO. 

The Imn^rois Beach. In reading Prof. Spencer*s essay on the 
IrtHjuois Heach, referred to In your November number, I notice his 
comparison of the ancient lake Iroquois witli the present gulf of Obi, 
his idea being that these sheets of water are alike in having oinni con- 
nection with the sea. But is it not true that rivers run only into the 
gulf of Obi. while a large river ran oi^fo/lake Iroquoi.s its course having 
been southwestward across the state of Ohio V If this ancient outlet of 
lake Iroquois to the southwest is proved, must we not suppose that the 
northeastern end of the lake was some how cut off from the Atlantic? 
Th(? case is the same with the expanded lake Ontario, which appears to 
have overflow(?d to the southeastward into the Mohawk. 

CamhrUhje, Nfti\ .">. 1800. W. M. Davis. 

Catkixosoma xewllvi. Finding that the name Eurysoiua, projwsed 
in the October number of the (lEOLoriisT, was preoccupied in Europe in 
ISSfi, I desire to substitute for it the name Cnrfdwiytmui. The new sp<v 
cies described from Kokomo, Indiana, will, th(?refore, now bear the name 
<:arclnofnnna netrllni. E. W. Glaypole. 



PERSOXAL AND SCIEXTIFIC NEWS. 



TiFK OuoANizixo Committee of the International Conorkss 
OF (jEolo<}ists met tit the Institute of Technology in Boston, 
November 18tli, 18iM). 

Mossi-s. Cluimborlin, Davis, Gilbert, HiiU, ILizen, Hitchcock, 
Powell, NewbeiTv, Shaler, Stevenson, Winchell and Williams 
were present. 

The secretary reported the vote of the London Bureau regarding 
the change of place fi-om Philadelphia to Washington. Thirty- 
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«ix ballots were received; of these thirty-three were in favor of 
Washington. 

Tliese reprCvSent the members from Great Britain, France, Ger- 
many, Australia, Austria, Belgium, Hungary, India, Italy, Portu- 
gal, lloumania, llussia, and the United Stiites. No negative 
votes were received from countries outside America. 

Tlut majority of the Bureau, as well as a majority- of the Ameri- 
can Committee, thus expressing their preference for AVasiiiugton, 
it was voted to hold the next session of the International Congress 
of Geologists in , Washington, during the week beginning with the 
last Wednesday (2(1 th) of August next. 

The vacancy in the committee caused by the death of jMr. C. 
A. Ashbumer, was filled bv the election of Mr. S. F. Emmons, 
Washington, D. C. 

Tiie I'ommittee now consists of the following memliers: Messrs. 
Branner, Chamberlin, Dana, Dutton, Davis, Emmons. Gilbert, 
Hall. Hague, Heilprin, Hitchcock, Leidy, Lesley. Le Conte, 
Marsii, Newberry, Powell, Proctor, Shaler, Stevenson, A. Win- 
chelL Walcott, Whittield and 11. S. Williams. 

During this meeting vacancies were filled and the organization 
of the Committee ptM-fectinl, so that the present officers and sub- 
committees arc as follows: 

Chainiian, »J. S. Newberry. New York City. 

Vice-Chairman. (J. K. Gilbert. Washington, D. C. 

^ecretiiries, H. S. Williams, Ithaca, N. Y. 

S. F. Emmons, W:ishington, D. C. 

Acting Treasurer. S. F. Kmmons, Washington, D. C. 

(1) A sul>-committ<H» on the Scientijic Prognnnmv: 

J. W. Powell, Chairman, Washington, D. C. 

J. I). Dana, New Haven. Conn. 

T. C. Chamberlin, Madison, Wis. 

(2) A sul)-committee on Longer Exrni'sinna: 

Clarence Dutton, Chairman, Washington, D. C. 

X. S. Shaler, (Cambridge, Mass. 

J. J. Sti»venson, New York Citv. 

(3) A local sub-commitl^» to make preparations for holding the 
meeting in Washington, with power to organize and add to their 
number: 

Mt'ssrs. Dutton, Gilbert, Hague, P^mmons, Powell, and Wal- 
cott. :dl of Washington, D. C. 

(I) A nominating sub-committee to nominate ofllcei'S for the 
Congress: 

.1. J. Stevenson, (chairman. New York City. 

T. C. Chamberlin, Madison, Wis. 

Alex. Winchell, Ann Arl>or, Mich. 

Tiie following resolutions were adopted: 

That the secretiiries Ik; authorized to prepare a circidar of in- 
formation, stating the organization, the time of meeting, and such 
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other informtition I'egarding the Congress as may be thought uec- 
essaiy, in English and in French, to be signed by the chairman 
and the secretaries, and distributed among those likel}' U) ])e in- 
terested in this country and in foreign countries. 

It was further resolved, that the seci-etarv be authorized to 
commuuiciite to the editors of the Amerh'AN TtEOLooist and the 
American Journal of Science the results accomplished by tlie 
(•ommitt>ee at the present m(»eting. 

And it was resolved, that the committee assess its meml)ei"s five 
dollars each for expenses. 

At thk Mkktino of the Boston Society of Na^tral IIis- 
TORv, Nov. 5, 181)0, Mr. George II. Barton spoke of his work the 
])iist summer in mapping the drumlins of Massachusetts, under 
the directicm of Prof. N. S. Shaler, for the U. S. Geological Sur- 
vey. The area travei^sed, which includes several hundred drum- 
lins, is a belt fifteen to thirty miles wide, extending from Lowell 
west to the Connecticut river. 

Dakota's ricii Tin mines. The Harney Peak Consolidate^! 
Tin Compan\' lately sent to England 17 J tons of tin ore to be 
smelted. A report from the smelters st;ites that they obtaine<l 
from this ore, 12 cwts. , 1 qr., 14 lbs. of refined tin, which is 3. 48 
per cent. As the (\)rnish mines only yield about 2 per cent. , it 
would appear that we have superior advantages in this country for 
the production of tin, which, since we are about to enter upon 
making our own tin plate, is to our advantage. 

Valuable Pearls have been taken from the Manitowoc river 
in large quantities recently, at Chilton, Wis. They are said to be 
of all colors, and some of the choicest have had a high value 
placed on them. 

Prof. John (\ S^mock has rksioned in tiie New York State 
Museum and has accepted the appointment of state geologist of 
New Jersey. 

Mr. Y, J. II. Merriij., of New York city, has been ajj- 
pointcnl assistnnt slate geologist of New York, an<l will continue 
work on the economic resources of the state, and uix)n the geolog- 
ical map. 

GATirKKiN<; OF S(MENTisTs. The American Association for the 
Advancement of Science adjourned at Indianapolis to meet next 
year in Washington, probably about September ]. The next ses- 
sion of the International Congress of Geologists will also be held 
at the same place al^oul the same time. The semi-annual nuH^ting 
of tiie (ieoloirical Society of America will, by its own constitution, 
hold its summer meeting at the same time and place. Pix)niincnt 
scientific men of Canada and the Latin countries to the south have 
been invited by tiie ollicers of the Association with a view of mak- 
ing this scientific gatheriuix a great pan-American CA'cnt. It will 
in all probability be one of the most important meetings of sci- 
entific men ever held on this continent. 
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